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ARRAYS OF PROTEINS AND METHODS OF USE THEREOF 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates generally to arrays of proteins and methods 
for the parallel, in vitro screening of a plurality of protein-analyte interactions. 
More specifically, the present invention relates to uses of the airays for drug 
development, proteomics, and clinical diagnostics. 

b) Description of Related Art 

A vast number of new drug targets are now being identified using a 
combination of genomics, bioinformatics, genetics, and high-throughput 
biochemistiy. Genomics provides information on the genetic composition and the 
activity of an organism's genes. Bioinformatics uses computer algorithms to 
recognize and predict structural patterns in DNA and proteins, defining families of 
related genes and proteins. The information gained from the combination of these 
approaches is expected to greatly boost the number of drug targets (usually, 
proteins). 

The number of chemical compounds available for screening as potential 
drugs is also growing dramatically due to recent advances in combinatorial 
chemistry, the production of large numbers of organic compounds through rapid 
paraUel and automated synthesis. The compomids produced in the combinatorial 
hbraries being generated will far outnumber those compounds being prepared by 
traditional, manual means, natural product extracts, or those in the historical 
compound files of large pharmaceutical companies. 

Both the rapid increase of new drug targets and the availability of vast 
libraries of chemical compounds creates an enonnous demand for new 
technologies which improve the screening process. Cmrent technological 
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approach^ which atte-npt ,o address Ms need include „.nlti„en.p,ate based 
screening systems, cell-based screemng systenu, microflmdics-based serening 
systems, and screening of soluble ,g^,, ^^^^ 

components. ^ 

Automated rndtiweU fonnats are fte best developed high-throughpu. 
scre^ung ^sterns. Automated 96.wen plate-based screening systems are the most 
«,dely used. The cmrent trend in p.ate based screemng systems is to reduce dte 
volume of the reaction wells further, thereby increasing the densi^ of the wells 
per plate (96.wel. to 384- and ,536.well per plate) The reduction in reacdon 
votanes results in increased throughput dramatically decreased bioreagent costs 
and a decrease in number of plates which need to be managed by automation ' 

However, although increases in well numbers per plate are desirable for 
m throughput efBciency, the use of volmnes smaller fl«n 1 microliter in fte 
weU fonna. generates si^fican, p^blems with evaporation, dispensing times 
protem mactivation, and assay adaptation. Proteins are ve:y sensitive to the ' 
physical and chemical properties of the reaction chamber surfaces. Proteins are 
prone to denatination at the U,uid/solid and h,uid/air mterfaces. Miniatiuization 
of assays to vol^nes smaller than 1 microliter mcreases the surface to volume 
ratio substantially. (Changing volmnes from 1 microliter to 10 nanoliter increases 
the surface ratio by 460»/. leading to hcreased protein inactivation ) 
Furthennore, solutions of submicrohter volumes evaporate rapidly, within seconds 

a few mmutes. when in contact wifl, air. Maintaming microscoptc volmnes m 
open systems is flierefore very difficult. 

Other ores of Ugh-throughput assays, such as miniaturized cell-based 
^says ate also being developed. Miniatini^d cell-based assays have the potential 
to generate screenmg data of superior ..uaUty and accuracy, due to their Lo 
oatiu. However, the interaction of drug compounds wid, proteins other titan tite 
des.ed tat^ets is a setions problem related to thts approach which leads to a btgh 
rate of false positive results. 
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Microfluidics-based screening systems that measure in vitro reactions in 
solution make use of ten to several-hundred micrometer wide channels. 
Micropmnps, electroosmotic flow, integrated valves and mixing devices control 
hquid movement through the chamiel network. Microfluidic networks prevent 
evaporation but, due to the large smface to volume ratio, result in significant 
protein inactivation. The successful use of microfluidic networks in biomolecule 
screening remains to be shown. 

Drug screening of soluble targets against solid-phase synthesized drug 
components is intrinsically limited. The surfaces required for solid state organic 
synthesis are chemically diverse and often cause the inactivation or non-specific 
binding of proteins, leading to a high rate of false-positive results. Furthennore, 
the chemical diversity of drug compounds is limited by the combinatorial 
synthesis approach that is used to generate the compounds at the interface. 
Another major disadvantage of this approach stems from the limited accessibihty 
of the binding site of the soluble target protein to the immobilized drug 
candidates. 

Miniaturized DNA chip technologies have been developed (for example, 
see U.S. Patent Nos. 5,412,087, 5,445, 934 and 5,744,305) and are currently being 
exploited for nucleic acid hybridization assays. However, DNA biochip 
technology is not transferable to protein arrays because the chemistries and 
materials used for DNA biochips are not readily transferable to use with proteins. 
Nucleic acids withstand temperatures up to 100°C, can be dried and re-hydrated 
without loss of activity, and can be bomid directly to organic adhesion layers 
supported by materials such as glass while maintaining their activity. In contrast, 
proteins must remain hydrated, kept at ambient temperatures, and are very 
sensitive to the physical and chemical properties of the support materials. 
Therefore, maintaining protein activity at the hquid-solid interface requires 
entirely different immobilization strategies than those used for nucleic acids. 
Additionally, the proper orientation of the protein at the interface is desirable to 
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ensure accessibility of their active sites with interacting molecules. With 
miniaturization of the chip and decreased featiire sizes the ratio of accessible to 
non-accessible antibodies becomes increasingly relevant and important. 

In addition to the goal of achieving high-throughput screening of 
compounds against targets to identify potential drug leads, researchers also need 
to be able to identify highly specific lead compounds early in die drug discovery 
process. Analyzing a multitude of members of a protein family or fonns of a 
polymorphic protein in paraUel (multitarget screening) enables quick identification 
of highly specific lead compounds. Proteins within a structiiral family share 
similar binding sites and catalytic mechanisms. Often, a compound that 
effectively interferes with tiie activity of one family member also interferes with 
otirer members of the same family. Using standard technology to discover such 
additional mteractions requires a d-emendous effort in time and costs and as a 
consequence is simply not done. 

However, cross-reactivity of a drug with related proteins can be the cause 
oflow efficacy or even side effects in patients. For instance, AZT a major 
ti-eatment for AIDS, blocks not only viral polymerases, but also human 
polymerases, causing deleterious side effects. Cross-reactivily with closely 
related proteins is also a problem with nonsteroidal anti-inflammatory drugs 
(NSAIDs) and aspirin. These drugs inhibit cyclooxygenase-2, an enz>^e which 
promotes pain and inflammation. However, tire same dnigs also strongly inhibit a 
related enzyme, cyclooxygenase-I, that is responsible for keeping the stomach 
Immg and kidneys healthy, leading to common side-effects including stomach 
imtation. 

For the foregotag reasons, there is a need for miniaturized protein anays 
and for methyls for the parallel, ,„ v«ro, screening of the inte^ctions between a 
plnrahly of proteins and one or more analytes h, a mamter that mininnzes ..agent 
volumes and protein inactivation problems. 
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SUMMARY OF THE INVENTION 
The present invention is directed to miniaturized protein arrays and 
rneAods of use thereof that satisfy the need for parallel, in vitro, screening of the 
interactions between a plurality of proteins and one or more analytes in a mamier 
that minimizes reagent volumes and protein inactivation problems. 

In one embodiment, the present invention provides an array of proteins 
which comprises a substrate, at least one organic thinfihn on some or all of the 
substrate surface, and a pteality of patches arranged in discrete, known regions 
on portions of the substrate surface covered by organic thinfihn, wherein each of 
said patches comprises a protein immobilized on the miderlying organic thinfihn. 
Preferably, a plm-ality of different proteins are present on separate patches of the 
array. 

In a second embodiment, the invention provides a method for screening a 
pluraUty of proteins for their ability to interact with a component of a sample. 
The method of this embodiment comprises delivering the sample to the array of 
proteins of the invention, and detecting, either directly or indirectly, for the 
interaction of the component with the immobiUzed protein of each patch. 

hi a third embodiment, the invention provides a method for screening a 
plurality of proteins for their ability to bind a particular component of a sample. 
The method of this embodiment comprises first delivering the sample to the array 
of proteins of the invention. In a fmal step, the method comprises detecting, either 
directly or indirectly, for the presence or amomit of the particular component 
which is retained at each patch. Optionally, the method comprises the additional 
step of fiirther characterizing the particular component retained at the site of at 
least one patch. 

hi an alternative embodiment, the invention provides a method of assaying 
for protein-protein binding interactions. The first step of the method of this 
embodiment comprises delivering a sample comprising at least one protein to be 
assayed for binding to the protein array of the invention. The last step comprises 
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detecting, either directly or indirectly, for the presence or amount of the protein 
from the sample which is retained at each patch 

In another embodiment of the invention, a method for assaying for a 
plurahty of analytes in a sample is provided which comprises delivering the 
sample to a protein array of the invention and detecting for the interaction of the 
analytes with the immobilized protein at each patch. 

In stiU another embodiment of the invention, an alternative method for 
assaying for a plurality of analytes in a sample is provided which comprises 
delivering the fluid sample to a protein array of the invention and detecting either 
directly or indirectly, for the presence or amount of analyte retained at each patch. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 shows the top view of an array of protein-reactive patches. 
Figure 2 shows the cross section of an individual patch of the array of 
Figure 1. 

Figure 3 shows the cross section of a row of monolayer-covered patches of 
the array of Figure 1 . 

Figure 4 shows a thiobeactive monolayer on a substrate. 
Figure 5 shows an aminoreactive monolayer on a coated substrate. 
Figure 6 shows the immobiUzation of a protein on a monolayer-coated 
substrate via an affinity tag. 

Figure 7 shows the immobihzation of a protein on a monolayer-coated 
substrate via an affinity tag and an adaptor. 

Figure 8 shows a schematic of a fluorescence detection unit which may be 
used to monitor interaction of the proteins of the array with an analyte. 

Figure 9 shows a schematic of an ellipsometric detection unit which may 
be used to monitor interactions between analytes and die proteins of the array. 
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DETAILED DESCRIPTION OF THE INVENTION 
A variety of protein arrays, methods, and protein-coated substrates usefiil 
for drug development, proteomics, clinical diagnostics, and related applications 
are provided by the present invention. 

(a) Definitions 

A "protein" means a polymer of amino acid residues linked together by 
peptide bonds. The term, as used herein, refers to proteins, polypeptides, and 
peptides of any size, stiuctm-e, or function. Typically, however, a protein will be 
at least six amino acids long. Preferably, if the protein is a short peptide, it will be 
at least about 10 amino acid residues long. A protein may be naturaUy occuiring, 
recombinant, or synthetic, or any combination of these. A protem may also be ' ' 
just a fragment of a naturaUy occurring protein or peptide. A protein may be a 
single molecule or may be a multi-molecular complex. The term protein may also 
apply to amino acid polymers in which one or more amino acid residues is an 
artificial chemical analogue of a corresponding naturally occuiring amino acid. 
An amino acid polymer in which one or more amino acid residues is an 
"mmatural" amino acid, not corresponding to any naturally occurring amino acid, 
is also encompassed by the use of the tem "protein" herein. 

A "fi-agment of a protein" means a protein which is a portion of another 
protein. For instance, fragments of a proteins may be polypeptides obtained by 
digesting fiill-length protein isolated from cultm-ed ceUs. A fragment of a protein 
will typically comprise at least six amino acids. More typically, the fragment will 
comprise at least ten amino acids. Preferably, the fragment comprises at least 
about 16 amino acids. 

The term "antibody" means an immunoglobulin, whether natural or wholly 
or partially synthetically produced. All derivatives thereof which maintain 
specific binding ability are also included in the term. The tenn also covers any 
protein having a binding domain which is homologous or largely homologous to 
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an immunoglobulin binding domain. These proteins may be derived from natural 
sources, or partly or wholly synthetically produced. An antibody may be 
monoclonal or polyclonal. The antibody may be a member of any 
immunoglobulin class, including any of the human classes: IgG, IgM, IgA, IgD, 
and IgE. Derivatives of the IgG class, however, are preferred in the present 
invention. 

The term "antibody fragment" refers to any derivative of an antibody which 
is less than full-length. Preferably, the antibody fragment retains at least a 
significant portion of the fiiU-length antibody's specific binding ability. Examples 
of antibody fragments include, but are not Umited to, Fab, Fab', F(ab')2, scFv, Fv, 
dsFv diabody, and Fd fragments. The antibody fragment may be produced by' any 
means. For instance, the antibody fragment may be enzymatically or chemically 
produced by fragmentation of an intact antibody or it may be recombinantly 
produced from a gene encoding the partial antibody sequence. Alternatively, the 

antibody fragment may be wholly or partially synthetically produced. The ' 
antibody fragment may optionally be a single chain antibody fragment. 
Alternatively, the fragment may comprise multiple chains which are linked 
together, for instance, by disulfide linkages. The fragment may also optionaUy be 
a multimolecular complex. A fimctional antibody fragment will typically 
comprise at least about 50 amino acids and more typically will comprise at least 
about 200 amino acids. 

Single-chain Fvs (scFvs) are recombinant antibody fragments consisting of 
only the variable light chain (VO and variable heavy chain (Vh) covalently 
comiected to one another by a polypeptide linker. Either or Vh may be the 
NHHeiminal domain. The polypeptide linker may be of variable length and 
composition so long as the two variable domains are bridged without serious steric 
interference. Typically, the linkers are comprised primarily of stretches of glycine 
and serine residues with some glutamic acid or lysine residues interspersed for 
solubility. 
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"Diabodies" are dimeric scFvs. The components of diabodies typicaUy 
have shorter peptide linkers than most scFvs and they show a preference for 
associating as dimers. 

An "Fv" fragment is an antibody fragment which consists of one V„ and 
one Vl domain held together by noncovalent interactions. The teim "dsFv" is 
used herein to refer to an Fv with an engineered intennolecular disulfide bond to 
stabilize the Vh-Vl pair. 

A "F(ab')2" fragment is an antibody fragment essentially equivalent to that 
obtained from immunoglobulins (typically IgG) by digestion with an enzyme 
pepsin at pH 4.0-4.5. The fragment may be recombinant^ produced. 

A "Fab"' fragment is an antibody fragment essentially equivalent to that 
obtained by reduction of the disulfide bridge or bridges joining the two heavy 
chain pieces in the F(ab'), fragment. The Fab' fragment may be recombinantly 
produced. 

A "Fab" fragment is an antibody fragment essentially equivalent to that 
obtained by digestion of immmioglobulins (typically IgG) with the enzyme 
papain. The Fab fragment may be recombinantly produced. The heavy chain 
segment of the Fab fragment is the Fd piece. 

The term "protein-capture agent" means a molecule or a multi-molecular 
complex which can bind a protein to itself Protein-capture agents preferably bind 
theu- binding partners in a substantially specific mamier. Protein-capture agents 
with a dissociation constant (Ko) of less than about 10 * are prefeired. Antibodies 
or antibody fragments are highly suitable as protein-capture agents. Antigens may 
also serve as protein-capture agents, since they are capable of binding antibodies. 
A receptor which binds a protein ligand is another example of a possible protein- 
capture agent. Protein-capture agents are understood not to be limited to agents 
which only interact with their binding partners through noncovalent interactions. 
Protem-capture agents may also optionaUy become covalently attached to the 
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proteins which they bind. For instance, the protein-capture agent may be 
photocrosslinked to its binding partner following binding. 

The term "binding partner" means a protein which is bound by a particular 
protein-capture agent, preferably in a substantially specific manner. In some 
cases, the binding partner may be the protein nonnally bound in vivo by a protein 
which is a protein-captm-e agent. In other embodiments, however, the binding 
partner may be the protein or peptide on which the protein-capture agent was 
selected (through in vitro or in vivo selection) or raised (as in the case of 
antibodies). A binding partner may be shared by more than one protein-capture 
agent. For instance, a binding partner which is bound by a variety of polyclonal 
antibodies may bear a nmnber of different epitopes. One protein-capture agent 
may also bind to a multitude of binding partners (for instance, if the binding 
partners share the same epitope), 

"Conditions suitable for protein binding" means those conditions (in terms 
of salt concentration, pH, detergent, protein concentration, temperature, etc.) 
which allow for binding to occur between a protein and its binding partner in 
solution. Preferably, the conditions are not so lenient that a significant amomit of 
nonspecific protein binding occurs. 

A "body fluid" may be any hquid substance extracted, excreted, or secreted 
from an organism or tissue of an organism. The body fluid need not necessarily 
contain cells. Body fluids ofrelevance to the present invention include, but are 
not limited to, whole blood, serum, urine, plasma, cerebral spinal fluid, tears, 
sinovial fluid, and amniotic fluid. 

An "array is an arrangement of entities in a pattern on a substrate. 
Although the pattern is typicaUy a two-dimensional pattern, the pattern may also 
be a three-dimensional pattern. 

The term "substrate" refers to the bulk, underlying, and core material of the 
arrays of the invention. 
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The tenns "micromachining" and "microfabrication" both refer to any 
number of techniques which are useful in the generation of microstmctures 
(structures with feature sizes of sub-millimeter scale). Such technologies include 
but are not limited to, laser ablation, electrodeposition, physical and chemical 
vapor deposition, photolithography, and wet chemical and dry etching. Related 
technologies such as injection molding and LIGA (x-ray lithography, 
electrodeposition, and molding) are also included. Most of these techmques were 
originally developed for use in semiconductors, microelectronics, and Micro- 
ElectroMechanical Systems (MEMS) but are applicable to the present invention as 
well. 

The term "coating" means a layer that is either naturally or synthetically 
formed on or applied to the surface of the substrate. For instance, exposure of a 
substrate, such as sihcon, to air results in oxidation of the exposed surface In the 
case of a substrate made of silicon, a silicon oxide coating is formed on the 
surface upon exposure to air. to other instances, the coating is not derived from 
the substrate and may be placed upon the surface via mechanical, physical, 
electrical, or chemical means. An example of this type of coating would be a 
metal coating that is apphed to a silicon or polymer substrate or a silicon nitride 
coating that is applied to a silicon substrate. Although a coating may be of any 
thickness, typically the coating has a thickness smaller than that of the substi-ate 

An "interiayer" is an additional coating or layer that is positioned between 
the first coating and the substrate. Multiple interlayers may optionaUy be used 
together. The primary puipose of a typical interiayer is to aid adhesion between 
the first coating and the substi:ate. One such example is the use of a titanium or 
chromium interiayer to help adhere a gold coating to a silicon or glass surface 
However, other possible functions of an interiayer are also anticipated. For 
instance, some interlayers may perfonn a role in the detection system of the array 
(such as a semiconductor or metal layer between a nonconductive substrate and a 
nonconductive coating). 
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An "organic thinfilm" is a thin layer of organic molecules which has been 
applied to a substrate or to a coating on a substrate if present. Typically, an 
organic thinfihn is less than about 20 nm thick. Optionally, an organic thinfihn 
may be less than about 10 mn thick. An organic thinfihn may be disordered or 
ordered. For instance, an organic thinfihn can be amorphous (such as a 
chemisorbed or spin-coated polymer) or highly organized (such as a Langmuir- 
Blodgett fibn or self-assembled monolayer). An organic thinfihn may be 
heterogeneous or homogeneous. Organic thinfihns which are monolayers are 
preferred. A lipid bilayer or monolayer is a preferred organic thinfihn. 
Optionally, the organic thinfihn may comprise a combination of more than one 
form of organic thinfihn. For instance, an organic thinfihn may comprise a hpid 
bilayer on top of a self-assembled monolayer. A hydrogel may also compose an 
organic thinfihn. The organic thinfihn will typically have fimctionalities exposed 
on its smface which serve to enhance the surface conditions of a substrate or the 
coating on a substrate in any of a number of ways. For instance, exposed 
fimctionalities of the organic thinfihn are typically usefiil in the binding or 
covalent immobilization of die proteins to the patches of the array. Alternatively, 
the organic thinfihn may bear fimctional groups (such as polyethylene glycol 
(PEG)) which reduce the non-specific binding of molecules to the surface. Other 
exposed fimctionalities serve to tether the thinfihn to the surface of the substrate 
or the coating. Particular fimctionalities of the organic thinfihn may also be 
designed to enable certain detection techniques to be used with the smface. 
Alternatively, the organic thinfihn may serve the purpose of preventing 
inactivation of a protein immobilized on a patch of the array or analytes which are 
proteins from occurring upon contact with the smface of a substrate or a coating 
on the surface of a substrate. 

A "monolayer" is a single-molecule thick organic thinfihn. A monolayer 
may be disordered or ordered. A monolayer may optionally be a polymeric 
compomid, such as a polynonionic polymer, a polyionic polymer, or a block- 
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copolymer. For instance, the monolayer may be composed of a poly(ammo acid) 
such as polylysine. A monolayer which is a self-assembled monolayer, however, 
is most preferred. One face of the self-assembled monolayer is typically 
composed of chemical functionalities on the termini of the organic molecules that 
are chemisorbed or physisorbed onto the surface of the substrate or, if present, the 
coating on the substrate. Examples of suitable functionalities of monolayers 
include the positively charged amino groups of poly-L-lysine for use on negatively 
charged surfaces and thiols for use on gold surfaces. Typically, the other face of 
the self-assembled monolayer is exposed and may bear any number of chemical 
functionalities (end groups). Preferably, the molecules of the self-assembled 
monolayer are highly ordered. 

A "self-assembled monolayer" is a monolayer which is created by the 
spontaneous assembly of molecules. The self-assembled monolayer may be 
ordered, disordered, or exhibit short- to long-range order. 

An "affmity tag" is a functional moiety capable of directly or indirectly 
immobilizing a protein onto an exposed functionality of the organic thinfihn. 
Preferably, the affmity tag enables the site-specific immobilization and thus 
enhances orientation of the protein onto the organic thinfihn. In some cases, the 
affmity tag may be a simple chemical functional group. Other possibilities 
include amino acids, poly(amino acid) tags, or full-length proteins. Still other 
possibilities include carbohydrates and nucleic acids. For instance, the affmity tag 
may be a polynucleotide which hybridizes to another polynucleotide serving as a 
functional group on the organic thinfdm or another polynucleotide serving as an 
adaptor. The affinity tag may also be a synthetic chemical moiety. If the organic 
thinfihn of each of die patches comprises a lipid bilayer or monolayer, then a 
membrane anchor is a suitable affmity tag. The affinity tag may be covalently or 
noncovalently attached to the protein. For instance, if the affinity tag is 
covalently attached to the protein it may be attached via chemical conjugation or 
as a fusion protein. The affmity tag may also be attached to the protein via a 
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cleavable linkage. Alternatively, the affinity tag may not be directly in contact 
with the protein. The affinity tag may instead be separated from the protein by an 
adaptor. The affinity tag may immobilize the protein to the organic thinfihn either 
through noncovalent interactions or through a covalent linkage. 

An "adaptor", for purposes of this invention, is any entity that links an 
affinity tag to the immobilized protein of a patch of the array. The adaptor may 
be, but need not necessarily be, a discrete molecule that is noncovalently attached 
to both the afiFmity tag and the protein. The adaptor can instead be covalently 
attached to the affinity tag or the protein or both (via chemical conjugation or as a 
fusion protein, for instance). Proteins such as full-length proteins, polypeptides, 
or peptides are typical adaptors. Other possible adaptors include carbohydrates 
and nucleic acids. 

The term "fiision protein" refers to a protein composed of two or more 
polypeptides that, although typically unjoined in their native state, are joined by 
their respective amino and carboxyl termini through a peptide linkage to form a 
single continuous polypeptide. It is understood that the two or more polypeptide 
components can either be direcUy joined or indirectly joined through a peptide 
linker/spacer. 

The term "nonnal physiological condition" means conditions that are 
typical inside a living organism or a cell. While it is recognized that some organs 
or organisms provide extreme conditions, the intra-organismal and intra-cellular 
enviromnem normaUy varies around pH 7 (i.e., from pH 6.5 to pH 7.5), contains 
water as ihe predominant solvent, and exists at a temperature above 0°C and 
below 50°C. It will be recognized that the concentration of various salts depends 
on the organ, organism, cell, or cellular compartment used as a reference. 

"Proteomics" means the study of or the characterization of either the 
proteome or some fraction of the proteome. The "proteome" is the total collection 
of the intracellular proteins of a cell or population of cells and the proteins 
secreted by the cell or population of cells. This characterization most typicaUy 
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includes measurements of the presence, and usually quantity, of the proteins 
which have been expressed by a cell. The function, structural characteristics 
(such as post translational modification), and location within the cell of the 
proteins may also be studied. "Functional proteomics" refers to the study of tibe 
functional characteristics, activity level, and structural characteristics of the 
protein expression products of a cell or population of cells. 

(b) Arrays of proteins. 

The present invention is directed to arrays of proteins. Typically, the 
protein arrays comprise micrometer-scale, two-dimensional patterns of patches of 
proteins immobilized on an organic thinfilm coating on the surface of the 
substrate. 

In one embodiment, the present invention provides an array of proteins 
which comprises a substrate, at least one organic thinfihn on some or all of the 
substrate surface, and a plurality of patches arranged in discrete, known regions 
on portions of the substrate surface covered by organic thinfihn, wherein each of 
said patches comprises a protein immobilized on the underlying organic thinfihn. 

hi most cases, die array will comprise at least about ten patches. In a 
preferred embodmient, the array comprises at least about 50 patches, hi a 
particularly preferred embodmient the array comprises at least about 100 patches, 
hi alternative preferred embodiments, the array of proteins may comprise more 
than 10^ 10" or 10^ patches. 

The area of surface of the substrate covered by each of the patches is 
preferably no more than about 0.25 mm^. Preferably, the area of the substrate 
surface covered by each of the patches is between about 1 pm^ and about 10,000 
Mm^ hi a particularly preferred embodmient, each patch covers an area of the 
substrate surface from about 100 ym^ to about 2,500 )am^ hi an alternative 
embodmient, a patch on the array may cover an area of the substrate surface as 
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small as about 2,500 mn\ although patches of such small size are generally not 
necessary for the use of the array . 

The patches of the array may be of any geometric shape. For instance, the 
patches may be rectangular or circular. The patches of the array may also be 
irregularly shaped. 

The distance separating the patches of the array can vary. Preferably, the 
patches of the array are separated from neighboring patches by about 1 ^m to 
about 500 Mm. Typically, the distance separating the patches is roughly 
proportional to the diameter or side length of the patches on the array if the 
patches have dimensions greater than about 10 pm. If the patch size is smaller, 
then the distance separating the patches will typically be larger than the 
dimensions of the patch. 

hi a preferred embodiment of the array, the patches of the array are all 
contained within an area of about 1 cm' or less on the surface of the substrate. In 
one preferred embodiment of the array, therefore, the array comprises 100 or more 
patches within a total area of about 1 cm^ or less on the surface of the substrate. 
Alternatively, a particularly preferred array comprises 10^ or more patches within 
a total area of about 1 cm^ or less. A preferred array may even optionaUy 
comprise lO" or 10^ or more patches within an area of about 1 cm^ or less on the 
surface of the substrate. In other embodiments of the invention, all of the patches 
of the array are contained within an area of about 1 mm' or less on the surface of 
the substrate. 

Typically, only one type of protein is immobilized on each patch of the 
array. In a preferred embodiment of the array, the protein immobilized on one 
patch differs from the protein immobilized on a second patch of the same array. 
In such an embodiment, a plurality of differem proteins are present on separate 
patches of the array. Typically the array comprises at least about ten different 
proteins. Preferably, the array comprises at least about 50 different proteins. 
More preferably, the array comprises at least about 100 different prdteins. 
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Alternative preferred arrays comprise more than about 10^ different proteins or 
more than about 10^ different proteins. The array may even optionally comprise 
more than about 10' different proteins. 

In one embodiment of the array, each of the patches of the array comprises 
a different protein. For instance, an array comprising about 100 patches could 
comprise about 100 different proteins. Likewise, an array of about 10,000 patches 
could comprise about 10,000 different proteins. In an alternative embodiment, 
however, each different protein is immobihzed on more tiian one separate patch 
on the array. For instance, each different protein may optionally be present on 
two to six different patches. An array of the invention, therefore, may comprise 
about three-thousand protein patches, but only comprise about one thousand 
different proteins since each different protein is present on three different patches. 

In another embodiment of the present invention, although the protein of 
one patch is different from that of another, the proteins are related. In a preferred 
embodiment, the two different proteins are members of the same protein family. 
The different proteins on the invention array may be either functionally related or 
just suspected of being functionally related. In another embodiment of tiie 
invention array, however, the function of the immobihzed proteins may be 
unknown. In this case, the different proteins on tiie different patches of the array 
share a similarity in sbiicUu-e or sequence or are simply suspected of sharing a 
similarity in structure or sequence. Alternatively, the immobilized proteins may 
be just fragments of different members of a protein family. 

The proteins immobilized on tiie airay of the invention may be members of 
a protein family such as a receptor family (examples: growth factor receptors, 
catecholamine receptors, amino acid derivative receptors, cytokine receptors, 
lectins), ligand family (examples: cytokines, seipins), enzyme family (examples: 
proteases, kinases, phosphatases, ras-like GTPases, hydrolases), and transcription 
factors (examples: steroid hormone receptors, heat-shock transcription factors, 
zinc-finger proteins, leucine-zipper proteins, homeodomain proteins). In one 
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embodiment, the different immobilized proteins are all HIV proteases or hepatitis 
C virus (HCV) proteases. In other embodiments of the invention, the immobilized 
proteins on the patches of the array are all hormone receptors, neurotransmitter 
receptors, extracellular matrix receptors, antibodies, DNA-binding proteins, 
intracellular signal transduction modulators and effectors, apoptosis-related 
factors, DNA synthesis factors, DNA repair factors, DNA recombination factors, 
or cell-surface antigens. 

hi a preferred embodiment, the protein immobilized on each patch is an 
antibody or antibody fragment. The antibodies or antibody fragments of the array 
may optionally be single-chain Fvs, Fab fragments. Fab' fragments, F(ab')2 
fragments, Fv fragments, dsFvs diabodies, Fd fragments, fiiU-Iength, antigen- 
specific polyclonal antibodies, or fiill-length monoclonal antibodies. In a 
preferred embodiment, the immobilized proteins on the patches of the array are 
monoclonal antibodies. Fab fragments or single-chain Fvs. 

hi another preferred embodiment of the invention, the proteins immobilized 
to each patch of the array are protein-capture agents. 

hi an alternative embodiment of the invention array, the. proteins on 
different patches are identical. 

Biosensors, micromachined devices, and diagnostic devices that comprise 
the protein arrays of the invention are also contemplated by the present invention. 

(c) Substrates, coating, and organic thinfihns. 

The substrate of the array may be either organic or inorganic, biological or 
non-biological, or any combination of these materials. In one embodiment, the 
substrate is transparent or translucent. The portion of the surface of the substrate 
on which the patches reside is preferably flat and firm or semi-firm. However, the 
array of the present invention need not necessarily be flat or entirely two- 
dimensional. Significant topological features may be present on the surface of the 
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substrate surrounding the patches, between the patches or beneath the patches. 
For instance, walls or other barriers may separate the patches of the array. 

Numerous materials are suitable for use as a substrate in the array 
embodiment of the invention. For instance, the substrate of the invention array 
can comprise a material selected from a group consisting of silicon, silica, quartz, 
glass, controlled pore glass, carbon, alumina, titania, tantalum oxide, germanium, 
silicon nitride, zeolites, and gallium arsenide. Many metals such as gold, 
platinum, aluminum, copper, titanium, and their alloys are also options for 
substrates of the array. In addition, many ceramics and polymers may also be 
used as substrates. Polymers which may be used as substrates include, but are not 
limited to, the following: polystyrene; poly(tetra)fluoroethylene (PTFE); 
polyvinylidenedifluoride; polycarbonate; polymethyhnethaciylate; 
polyvinylethylene; polyethyleneimine; poly(etherether)ketone; polyoxymethylene 
(POM); polyvinylphenol; polylactides; polymethaciylimide (PMI); 
polyalkenesulfone (PAS); polypropylene; polyetiiylene; 

polyhydroxyethyhnethacrylate (HEMA); polydimethylsiloxane; polyaciylamide; 
polyimide; and block-copolymers. Preferred substrates for the array include 
silicon, silica, glass, and polymers. The substrate on which the patches reside 
may also be a combination of any of the aforementioned substrate materials. 

An array of the present invention may optionally further comprise a coating 
between the substrate and organic thinfihn on the array. This coating may either 
be formed on the substrate or applied to the substrate. The substrate can be 
modified with a coating by using thin-fihn technology based, for example, on 
physical vapor deposition (PVD), thermal processing, or plasma-enhanced 
chemical vapor deposition (PECVD). Alternatively, plasma exposure can be used 
to directly activate or alter the substrate and create a coating. For instance, plasma 
etch procedures can be used to oxidize a polymeric surface (i.e., polystyrene or 
polyethylene to expose polar functionalities such as hydroxyls, carboxylic acids, 
aldehydes and the like). 
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The coating is optionally a metal film. Possible metal films include 
aluminum, chromium, titanium, tantalum, nickel, stainless steel, zinc, lead, iron, 
copper, magnesium, manganese, cadmium, tungsten, cobalt, and alloys or oxides 
thereof. In a preferred embodiment, the metal fihn is a noble metal film. Noble 
metals that may be used for a coating include, but are not limited to, gold, 
platinum, silver, and copper. In an especially preferred embodiment, the coating 
comprises gold or a gold alloy. Electi-on-beam evaporation may be used to 
provide a thin coating of gold on the surface of the substiate. In a preferred 
embodiment, the metal fihn is from about 50 nm to about 500 nm in thickness. In 
an alternative embodiment, the metal fihn is from about 1 nm to about 1 jam in 
thickness. 

In alternative embodiments, the coating comprises a composition selected 
from the group consisting of silicon, silicon oxide, titania, tantalum oxide, silicon 
nitiide, siHcon hydride, indium tin oxide, magnesium oxide, alumina, glass, 
hydroxylated surfaces, and polymers. 

In one embodiment of the invention array, the surface of the coating is 
atomically flat, hi this embodiment, the mean roughness of the surface of the 
coating is less than about 5 angstiroms for areas of at least 25 |im^ In a preferred 
embodiment, the mean roughness of the surface of the coating is less tiian about 3 
angsti-oms for areas of at least 25 pml The ultraflat coating can optionally be a 
template-stiipped surface as described in Hegner ei ai. Surface Science, 1993, 
291:39-46 and Wagner et ai, Langmuir, 1995, 11:3867-3875, both of which are 
incorporated herein by reference. 

It is contemplated tfiat the coatings of many arrays will require the addition 
of at least one adhesion layer between said coating and the substi-ate. Typically, 
the adhesion layer will be at least 6 angsti-oms thick and may be much thicker. 
For instance, a layer of titanium or chromium may be desirable between a silicon 
wafer and a gold coating. In an alternative embodiment, an epoxy glue such as 
Epo-tek 377®, Epo-tek 301-2®, (Epoxy Technology Inc., Billerica, 
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thinfilm on the patches of the array. In one preferred embodiment of the 
invention, the organic thinfibn is a lipid bilayer. In another preferred 
embodiment, the organic thinfibn of each of the patches of the array is a 
monolayer. A monolayer of polyarginine or polylysine adsorbed on a negatively 
charged substrate or coating is one option for the organic thinfibn. Another option 
is a disordered monolayer of tethered polymer chains. In a particularly preferred 
embodiment, the organic thinfilm is a self-assembled monolayer. A monolayer of 
polylysine is one option for the organic thinfibn. The organic thinfilm is most 
preferably a self-assembled monolayer which comprises molecules of the formula 
X-R-Y, wherein R is a spacer, X is a fiinctional group that binds R to the surface, 
and Y is a fimctional group for binding proteins onto the monolayer. In an 
alternative preferred embodiment, the self-assembled monolayer is comprised of 
molecules of the formula (X)aR(Y)b where a and b are, independently, integers 
greater than or equal to 1 and X, R, and Y are as previously defmed. In an 
alternative preferred embodiment, the organic thinfibn comprises a combination of 
organic thinfibns such as a combination of a lipid bilayer immobilized on top of a 
self-assembled monolayer of molecules of the formula X-R-Y. As another 
example, a monolayer of polylysine can also optionally be combined with a self- 
assembled monolayer of molecules of the formula X-R-Y (see US Patent No. 
5,629,213). 

In all cases, the coating, or the substrate itself if no coating is present, must 
be compatible with the chemical or physical adsorption of the organic thinfilm on 
its surface. For instance, if the patches comprise a coating between the substrate 
and a monolayer of molecules of the formula X-R-Y, then it is understood that the 
coating must be composed of a material for which a suitable fimctional group X is 
available. If no such coating is present, then it is understood that the substrate 
must be composed of a material for which a suitable fimctional group X is 
available. 
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In a preferred embodiment of the inventioii, the regions of the substrate 
surface, or coating surface, which separate the patches of proteins are free of 
organic thinfihn. In an alternative embodiment, the organic thinfilm extends 
beyond the area of the substrate surface, or coating surface if present, covered by 
the protein patches. For instance, optionally, the entire surface of the array may 
be covered by an organic thinfihn on which the plurality of spatially distinct 
patches of proteins reside. An organic thinfilm which covers the entire surface of 
the array may be homogenous or may optionally comprise patches of differing 
exposed fimctionalities usefiil in the immobilization of patches of different 
proteins. In still another alternative embodiment, the regions of the substrate 
surface, or coating surface if a coating is present, between the patches of proteins 
are covered by an organic thinfihn, but an organic thinfihn of a different type than 
that of the patches of proteins. For instance, the surfaces between the patches of 
proteins may be coated with an organic thinfilm characterized by low non-specific 
binding properties for proteins and other analytes. 

A variety of techniques may be used to generate patches of organic thinfilm 
on the surface of the substrate or on the surface of a coating on the substrate. 
These techniques are well known to those skilled in the art and will vary 
depending upon the nature of the organic thinfihn, the substrate, and the coating if 
present. The techniques will also vary depending on the structure of the 
underlying substrate and the pattern of any coating present on the substrate. For 
instance, patches of a coating which is highly reactive with an organic thinfihn 
may have akeady been produced on the substrate surface. Arrays of patches of 
organic thinfihn can optionally be created by microfluidics printing, 
microstamping (US Patent Nos. 5,512,131 and 5,731,152), or microcontact 
printing (^iCP) (PCT Publication WO 96/29629). Subsequent immobilization of 
proteins to the reactive monolayer patches results in two-dimensional arrays of the 
agents. Inkjet printer heads provide another option for patterning monolayer X-R- 
Y molecules, or components thereof, or other organic thinfihn components to 
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nanometer or micrometer scale sites on the surface of the substrate or coating 
(Lemmo et al.,Aml Chem., 1997, 69:543-551; US Patent Nos. 5,843,767 and 
5,837,860). In some cases, commercially available arrayers based on capillary 
dispensing (for instance, OmniGrid™ from Genemachines, inc, San Carlos, CA, 
and High-Throughput Microarrayer from hitelligent Bio-Instruments, Cambridge, 
MA) may also be of use in directing components of organic thinfihns to spatially 
distinct regions of the array. 

Diffusion boundaries between the patches of proteins immobilized on 
organic thinfihns such as self-assembled monolayers may be integrated as 
topographic patterns (physical barriers) or surface functionalities with orthogonal 
wetting behavior (chemical barriers). For instance, walls of substrate material or 
photoresist may be used to separate some of the patches from some of the others 
or all of the patches from each other. Alternatively, non-bioreactive organic 
thinfihns, such as monolayers, with different wettability may be used to separate 
patches from one another. 

In a preferred embodiment of the invention, each of the patches of proteins 
comprises a self-assembled monolayer of molecules of the formula X-R-Y, as 
previously defined, and the patches are separated from each other by surfaces free 
of tiie monolayer. 

Figure 1 shows the top view of one example of an array of 25 patches 
reactive with proteins. On the array, a number of patches 15 cover the surface of 
the substrate 3. 

Figure 2 shows a detailed cross section of a patch 15 of the array of Figure 
1. This view illustrates the use of a coating 5 on the substrate 3. An adhesion 
interlayer 6 is also included in the patch. On top of the patch resides a self- 
assembled monolayer 7. 

Figure 3 shows a cross section of one row of the patches 15 of the array of 
Figure 1 . This figure also shows the use of a cover 2 over the array. Use of the 
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cover 2 creates an inlet port 16 and an outlet port 17 for solutions to be passed 
over the array. 

A variety of chemical moieties may fimction as monolayer molecules of the 
formula X-R-Y in the array of the present invention. However, three major 
classes of monolayer formation are preferably used to expose high densities of 
reactive omega-fimctionaUties on the patches of the array: (i) alkylsiloxane 
monolayers ("silanes") on hydroxylated and non-hydroxylated surfaces (as taught 
in, for example, US Patent No. 5,405,766, PCT Publication WO 96/38726, US 
Patent No. 5,412,087, and US Patent No. 5,688,642); (ii) alkyl- 
thioydialkyldisulfide monolayers on noble metals (preferably Au(l 1 1)) (as, for 
example, described in Allara et al., US 4,690,715; Bamdad et al, US 5,620,850; 
Wagner et al, BiophysicalJoumal, 1996, 70:2052-2066); and (iii) alkyl 
monolayer formation on oxide-free passivated sihcon (as taught in, for example, 
Linford et al., J. Am. Chem. Soc, 1995, 1 17:3 145-3 155, Wagner et al.. Journal of 
Structural Biology, 1997, 119:189-201, US Patent No. 5,429,708). One of 
ordinary skill in the art, however, wiU recognize that many possible moieties may 
be substituted for X, R, and/or Y, dependent primarily upon the choice of 
substrate, coating, and affinity tag. Many examples of monolayers are described 
in Uhnan, An Introduction to Ultrathin Organic Films: From Langmuir-Blodgett 
to Self Assembly, Academic press (1991). 

hi one embodiment, the monolayer comprises molecules of the formula 
(X)aR(Y)b wherein a and b are, mdependently, equal to an integer between 1 and 
about 200. hi a preferred embodiment, a and b are, independently, equal to an 
integer between 1 and about 80. hi a more preferred embodiment, a and b are, 
independently, equal to 1 or 2. hi a most preferred embodmient, a and b are both 
equal to 1 (molecules of the formula X-R-Y). 

If the patches of the invention array comprise a self-assembled monolayer 
of molecules of the formula pC)aR(Y)b, then R may optionaUy comprise a Imear or 
branched hydrocarbon chain from about 1 to about 400 carbons long. The 
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hydrocarbon chain may comprise an alkyl, aryl, alkenyl, alkynyl, cycloalkyl, 
alkaiyl, aralkyl group, or any combination thereof. If a and b are both equal to 
one. then R is typically an alkyl chain from about 3 to about 30 carbons long, hi a 
preferred embodiment, if a and b are both equal to one, then R is an alkyl chain 
from about 8 to about 22 carbons long and is, optionally, a straight alkane. 
However, it is also contemplated that in an alternative embodiment, R may readily 
comprise a linear or branched hydrocarbon chain from about 2 to about 400 
carbons long and be interrupted by at least one hetero atom. The interrupting 
hetero groups can include -0-, -CONH-, -CONHCO-, -NH-, -CSNH-, -CO-, -CS-, 
-S-, -SO-, -(OCH2CH2V (where n=l-20), -(CF2V (where n=l-22), and the like. 
Alternatively, one or more of the hydrogen moieties of R can be substituted with 
deuterium, hi alternative, less preferred, embodiments, R may be more than about 
400 carbons long. 

X may be chosen as any group which affords chemisoiption or 
physisorption of the monolayer onto the surface of the substrate (or the coating, if 
present). When the substrate or coating is a metal or metal alloy, X, at least prior 
to incorporation into the monolayer, can in one embodiment be chosen to be an 
asymmetrical or symmetrical disulfide, sulfide, diselenide, selemde, thiol, 
isonitrile, selenol, a trivalent phosphorus compound, isothiocyanate, isocyanate, 
xanthanate, thiocarbamate, a phosphine, an amine, thio acid or a dithio acid. This 
embodiment is especiaUy preferred when a coating or substrate is used that is a 
noble metal such as gold, silver, or platinum. 

If the substrate of the array is a material such as silicon, silicon oxide, 
indimn tin oxide, magnesium oxide, alumina, quartz, glass, or siUca, then the array 
of one embodiment of the invention comprises an X that, prior to incorporation 
into said monolayer, is a monohalosilane, dihalosilane, trihalosilane, 
trialkoxysilane, dialkoxysilane, or a monoalkoxysilane. Among these silanes, 
trichlorosilane and trialkoxysilane are particularly preferred. 
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In a prefen-ed embodiment of the invention, the substrate is selected from 
the group consisting of silicon, silicon dioxide, indium tin oxide, almnina, glass 
and titania; and ^ prior to incorporation into said monolayer, is selected from the 
group consisting of amonohalosilane, dihalosilane, trihalosilane, tiichlorosUane 
tnalkoxysilane, dialkoxysilane, monoalkoxysilane, carboxylic acids, and 
phosphates. 

In another prefe,ied embodiment of fl,e invention, the substrate of the anay 
is silicon and X is an olefin. 

In still another prefemd embodiment of the invention, the coating (or the 
substrate if no coating is present) is titania or tantalum oxide and X is a phosphate 

In other embodiments, the surface of the substmte (or coating thereon) is 
composed of a material such as titanium oxide, tantalum oxide, indimn tin oxide 
magnesium oxide, or alumina where X is a carboxylic acid or phosphoric acid ' 
Alternatively, if the surface of the substrate (or coating tirereon) of the atray ,s 
copper, then X may optionally be a hydroxamic acid. 

If the substrate used in the invention is a polymer, then in many cases a 
coatmg on the substrate such as a copper coating will be included in the array An 
appropnate fimctional group X for the coating would then be chosen for use in the 
amy In an alternative embodimem comprising a polymer substiate. tite surface 
of the polymer may be plasma-modified to expose desirable smface functionalities 
for monolayer formation For instance. EP 780423 describes the use of a 
monolayer molecule that has an alkene X fimctionality on a plasma exposed 
surface. StiU anotiter possibility for the invention atray comprised of a polymer is 
that flre surface of the polymer on which the monolayer is fonned is 

iunctionalized by copoIymerizaUon of appropriately fimctionalized precursor 

molecules. 

Anotherpossibihlyisthatpriortoincotporationintothemonolayer Xcan 
be a free-radtcal-producing moiety. This fimctional group is especially 

appropnate when the surface on whrch ti,e monolayer is fo^ed is a hydrogenated 
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silicon surface. Possible free-radical producing moieties include, but are not 
limited to, diacylperoxides. peroxides, and azo compounds. Alternatively, 
unsaturated moieties such as unsubstitiited alkenes, alkynes, cyano compomds 
and isonitiile compounds can be used for X, if the reaction with X is accompanied 
by ulti-aviolet, infrared, visible, or microwave radiation. 

In alternative embodiments, X, prior to incoiporation into the monolayer 
may be a hydroxy], carboxyl, vinyl, sulfonyl, phospho^l, silicon hydride, or an' 
amino group. 

The component, Y, of the monolayer is a functional group responsible for 
binding a protein onto the monolayer. In a preferred embodiment of the invention 
the Y group is either highly reactive (activated) towards the protein or is easily 
converted into such an activated fonn. Jn a preferred embodmaent, the couphng of 
Y with the protein occurs readily under normal physiological conditions not 
detiimental to the activity of the protein. The functional group Y may either fonn 
a covalent linkage or a noncovalent linkage with the protein (or its affinity tag, if 
present), ta a preferred embodiment, the functional group Y fonns a covalent' 
linkage with the protein or its afiBnity tag. It is miderstood that following tiie 
attachment of the protein (with or without an affinity tag) to Y. the chemical 
natiare of Y may have changed. Upon attachment of the protein, Y may even have 
been removed from tiie organic thinfihn. 

h one embodiment of the array of the present invention. Y is a functional 
group that is activated in siti,. Possibilities for this type of fimctional group 
include, but are not hmited to. such simple moieties such as a hydroxyl, carboxyl 
ammo, aldehyde, carbonyl, methyl, methylene, alkene, alkyne, carbonate, 
aiyhodide, or a vinyl group. Appropnate modes of activation would be obvious to 
one skilled in the art. Alternatively, Y can comprise a functional group tirat 
reqmres photoactivation prior to becoming activated enough to trap the protein 

hi an especially preferred embodiment of the array of tiie present invention 
Y IS a complex and highly reactive fimctional moiety tiiat is compatible with 
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n,o««.ayer fo^adon and needs „o >n * ,oti™«„„ pri„, .„ 

malemude, N-lvdroxysuccimmide (Warner e, V fiy„„,„ . ' 

7O_2052.2O«), ™M„^,,etic acid (US Pa.e„eNo. 5,620,850), activated 
hydroxyl, haloaceW bro^acety,, iodoaoety,. activated carboy; ^y^,, 
epoxy, azitidine, sulfonylchioride, pyridy,dis„mde N 

ao,.™da.,e, «a.,ecart,a«.a.e, v^«„„e, .^.^^^^^ 

T"""' isocyan,., 
midoester, fluorobenzene, and biotiii^ ' 

Figme 4 shows one example of a monolayer on a substate 3 In 

example, snbstrate 3 comprises giass. Tbe monolayer is «,„,react,Ve 
bears a maleunidylflmctional group Y. 

Figure 5 shows an„a,er example of a monolayer on a substrate 3 which is 

^^con. l^thiscase, however, a flrinfihn gold coating 5 covet. «re smface^I 

s^s-a. Also, ntthtsembodimeuMtitanirnnadhesionrnterlayerais used! 

a^erethe coatingJtothe substrate,. ™smo„olayerisan,inoreLvebI 
" "cars an N-hydr„xys„ccinimidyl fhncd„„a, g„up.Y 

lu an alternative embodiment the ftnctional ^onp Y „f fl,e ^ 

se-ected from the group of simple fimcfonal moieties. Possible Y i^c Lnal 

roups mclude. but are not limited to. -OH, -NH. -COOH, -COOR. -Rsl po = 

-OS03^-S0,-,.CO0-,-S0O-,.C0NR..CN,.Nl..,and.heli,e ' ' 

The monolayer molecules of the present invention can optionaUy be 

~ r"'^-*"''-- '""^-ords.themonolayer need not 

ormula X R-Y to tire surface of tire substiate (or coating), hstead, in one 
embodunent X may be chemisoAed or physisorbed to fl,e surface of 2 K 
(or coating) alone first Th«„ B ° 

\ii one nrst. Then, R or even just mdividual components of R r„ h 

thespacerRtotheXmoretyalreadyimmobilizedonthesurface, Ycanhe 
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Not al, «tf.a3se™b,ea ™„„,ayer molecules o„ a given pa.eh need be 
.deMoa,«o„eanofe S„.e patches may e„.p..e n,xed ^onolaye. p1 
--,*e™„„Uyetofa„i„..a„a.pa.h™ayop«o„a«yco.pIe.;i 

second X-R.Y m„,ecu,e .ay optionaUy in^obUize .he same protein as the fa 

o„,s„meof«,emono.ayern.„,ec„,sX.R.V„fapa.cbmaybave 
to attach any protein. «iy aave tailed 

AS anoa,er alte^adve embodiment of fte invention, a m..ed. setf- 

-embedm„no,aye,of an ind.vidnalpa.cb on.be at^y may comprisebotb 

-face, and V .s a m„.e.y which is b,„compabble wift p^teins and .sisian. ,o 
.^^non.spec.«cbh,dm,ofp..ei.s.P„,e^p,,V^,,„„,,„,,,^^^^^ 
sacchande, or „Ug„/polye«,y,e„e glyco, moiety (EP Publication 7S0423) 

In sm anofter emWimen. of fl,e invention, fte aixay comprises a. lea.. 

one m^eactive patch Of organ^c tiUnflbn on the snbstia.e „t sZe lb 

-evcdofanyprotem. P„rb,s.a„ce,d.e„epa.cbmayo C 

compnseamon„,ayet„fmolec.esofd.efo™.aX.H.V,wh:erCacerX 
" ^ ^"-^ ronp fta. binds R to ftc surface and V i„ 

non-specific binding of proteins Tbe "«"''^ <» 

n«.h ^ ^ may serve as a control 

patch or be useful in bac%ou„d binding measurement. 

Regardless of the natme of the monolayer molecule, in 

----.o.decross,m^gbe.ee„m^o,ec:::frm::„^^^^ 
"."noh.yer. b, general, crosslinking confe. additional sUbiU.y .lei 

S.bme.o.arefamiliar„.oses,dUedinthear.(formsr^^^^^ 

^^ffoductionto Ultrathin Organic Filr^. v r ceuiman,^/? 

nm urgamc Films. From Langmuir-Blodmt to ^Plf 
Assembly, Academic Press (1991)) ^" 
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After completion of fomiation of the monolayer on the patches, the protein 
may be attached to the monolayer via interaction with the Y-fimctional group. Y- 
functional groups which fail to react with any proteins are preferably quenched 
prior to use of the array. 

(d) Affmity tags and immobilization of the proteins. 

In a preferred embodiment, the protein-immobilizing patches of the array 
further comprise an affinity tag that enhances immobilization of tilie protein onto 
the organic thinfihn. The use of an affmity tag on tiie protein of the array 
typically provides several advantages. An affmity tag can confer enhanced 
binding or reaction of the protein with the functionalities on tiie organic tiiinfihn, 
such as Y if the organic thinfihn is a an X-R-Y monolayer as previously 
described. This enhancement effect may be either kinetic or thermodynamic. The 
affmity tag/thinfihn combination used in the patches of the array preferably allows 
for immobilization of the proteins in a manner which does not require harsh 
reaction conditions that are adverse to protein stability or function. In most 
embodiments, immobilization to the organic thinfihn in aqueous, biological 
buffers is ideal. 

An affmity tag also preferably offers immobilization on the organic 
thinfihn tiiat is specific to a designated site or location on the protein (site-specific 
unmobilization). For this to occur, attachment of the affinity tag to the protein 
must be site-specific. Site-specific unmobiUzation helps ensure that the active site 
or binding site of the immobilized protein, such as the antigen-binding site of the 
antibody moiety, remains accessible to ligands in solution. Anotiier advantage of 
unmobilization through affmity tags is that it allows for a common immobihzation 
strategy to be used with multiple, different protems. 

The affmity tag is optionally attached directiy, either covalently or 
noncovalentiy, to the protein, hi an alternative embodunent, however, the affmity 
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tag is either covalently or noncovalently attached to an adaptor which is either 
covalently or noncovalently attached to the protein. 

In a preferred embodiment, the affinity tag comprises at least one amino 
acid. The affinity tag may be a polypeptide comprising at least two amino acids 
which is reactive with the functionalities of the organic thinfihn. Alternatively, 
the affinity tag may be a single amino acid which is reactive with the organic 
thinfihn. Examples of possible amino acids which could be reactive witii an 
organic thinfihn include cysteine, lysine, histidine, arginine, tyrosine, aspartic 
acid, glutamic acid, tryptophan, serine, du-eonine, and glutamine. A polypeptide 
or amino acid affinity tag is preferably expressed as a fusion protein with the 
immobilized protein of each patch. Amino acid affinity tags provide either a 
single amino acid or a series of amino acids that can interact with the functionality 
of the organic thinfihn, such as the Y-fimctional group of the self-assembled 
monolayer molecules. Amino acid affinity tags can be readily introduced into 
recombinant proteins to facilitate oriented immobilization by covalent binding to 
the Y-fimctional group of a monolayer or to a fimctional group on an alternative 
organic thinfilm. 

The affinity tag may optionally comprise a poly(amino acid) tag. A 
poly(ammo acid) tag is a polypeptide that comprises fi-om about 2 to about 100 
residues of a single amino acid, optionally interrupted by residues of other amino 
acids. For instance, the affmity tag may comprise a poly-cysteine, polylysine, 
poly-arginine, or poly-histidine. Amino acid tags are preferably composed of two 
to twenty residues of a single amino acid, such as, for example, histidines, lysines, 
arginines, cysteines, glutamines, tyrosines, or any combination of these. 
According to a preferred embodiment, an amino acid tag of one to twenty amino 
acids includes at least one to ten cysteines for thioether linkage; or one to ten 
lysines for amide linkage; or one to ten arginines for coupling to vicinal 
dicarbonyl groups. One of ordinary skill in the art can readily pair suitable 
aflFmity tags with a given functionality on an organic thinfilm. 
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The position of the amino acid tag can be at an amino-, or carboxy- 
termimis of the protein of a patch of the array, or anywhere in-between, as long as 
the active site or binding site of the protein remains in a position accessible for 
ligand interaction. Where compatible wifli the protein chosen, affinity tags 
introduced for protein purification are preferentially located at the C-terminus of 
the recombinant protein to ensure that only full-length proteins are isolated during 
protein purification. For instance, if intact antibodies are used on the arrays then 
the attachment point of the affmity tag on the antibody is preferably located at a 
C-terminus of the effector (Fc) region of the antibody. If scFvs are used on the 
arrays, then the attachment pomt of the affinity tag is also preferably located at the 
C-terminus of the molecules. 

Affmity tags may also contain one or more mmatural amino acids. 
Umiatural amino acids can be introduced using suppressor tRNAs that recognize 
stop codons (/.e., amber) (Noren etai. Science, 1989, 244:182-188; Elhnan etal. 

Methods Ernym., 1991, 202:301-336; Cload ei ai, Chem. Biol, 1996, 3:1033- 
1038). The tRNAs are chemically amino-acylated to contain chemicdly altered 
("mmatural") amino acids for use with specific coupling chemistries {i.e., ketone 

modifications, photoreactive groups). 

In an alternative embodiment the affinity tag can comprise an intact 

protein, such as, but not limited to, glutathione S -transferase, an antibody, avidin, 

or streptavidin. 

other protein conjugation and immobilization techniques known in the art 
may be adapted for the purpose of attaching affinity tags to the protein. For 
instance, in an alternative embodimem of the airay, the affinity tag may be an 
organic bioconjugate which is chemically coupled to the protein of interest. 
Biotin or antigens may be chemically cross linked to the protein. Alternatively a 
chemical crosslinker may be used that attaches a simple fimctional moiety such as 
a thiol or an amine to the surface of a protein to be immobilized on a patch on the 
airay. Alternatively, protein synthesis or protein ligation techniques known to 
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those skiUed in the art may be used to attach an affinity tag to a protein For 
instance, intein-mediated protein Ugation may optionaUy be used to attach the 
affinity tag to the protein (Mathys. et al. Gene 231 : 1- 13, 1999; Evans, et al.. 
Protein Science 7:2256-2264, 199B). 

In an alternative embodiment of the invention, the organic thinfihn of each 
of the patches comprises, at least in part, a lipid monolayer or bilayer. and the 
affinity tag comprises a membrane anchor. Optionally, the lipid monolayer or 
bilayer is immobilized on a self-assembled monolayer. 

Figure 6 shows a detailed cross section of a patch on one embodiment of 
the mvenhon array. In this embodiment, a protein 10 is immobilized on a 
monolayer 7 on a substrate 3. An affinity tag 8 com»ects the protem 10 to the 
monolayer 7. The monolayer 7 is fonned on a coatmg 5 which is separated from 
the subsliate 3 by an interlaycr 6. 

In an alternative embodiment of the invention, no affinity tag is used to 
innnobaize Ae proteins onto the organic thinfihn. An amino acid or other moiety 
(such as a carbohydrate moiety) inherent to the protein .tself may mstead be used 
to tether the protein to the reactive group of fl,e otganic thinfihn. In preferred 
embodmtents, the immobihzation is site-specific with respect to Are location of fl,e 
stte of mmiobilization on the protein. For instance, the sulfliydryl group on the C 
tennmal region of the heavy chain portion of a Fab' fiagment generated by pepsin 
dtgestton of an antibody, followed by selective reducdon of the disulfide between 
monovalent Fab' flagments. may be used as the afBmly tag. Alternatively a 
carbohydrate moiety on the Fc portion of an intact antibody can be oxidized under 
nnld conditions to an aldehyde gronp suitable for immobilizing antibody on a 
monolayer via reaction with a hydrazide-activated Y group on the monolayer 
Examples of immobilization of proteins wifton, any affinity tag can be fomtd in 
Wagner etal., Blophys. X. 70:2437-2441, 1996 and tt,e specific examples 
Examples 8- 1 0, below. 
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the proteins of at least some of the different patches on the aray are 
different from each other, different solutions, each containing a different 
preferably, affinity-tagged protein, mnst be deUvered to their individual pa«=hes 
Solutions of proteins may be transfened to the app,x>priate patches via arrayers 
whrch are well-known m fl,e art and even commercially available. For instance 
mrcrocapiUary-based dispensing systems may be used These dispensing systems 
are preferably automated and computer-aided A description of and building 
mstructions for an example of a microanrayer comprising an automated capillary 
system can be found on the internet at 

http://cmgm.stanford.edu/pbrown/an-ay.htmJ and 
http://cmgm.stanford.edu/pbrown/mguide/index.html. The use of other 
microprinting techniques for transferring solutions containing the proteins to the 
protem-react^ve patches is also possxble. hk-jet printer heads may also optionally 
be used for precise delivery of the proteins to the protein-reactive patches 
Representative, non-limiting disclosures of techniques useful for depositing the 

protems on the patches may be fomid, for example, in U.S. Patent Nos 5 731 152 
(stampmg apparatus), 5.807,522 (capillary dispensing device). 5,837.860 (ink-jet 
pnntog technique, Hamilton 2200 robotic pipetting delivery system), and 
5,843,767 (ink-jet printing technique, Hamilton 2200 robotic pipetting delivery 
system), all incorporated by reference herein. 

(e) Adaptors. 

Another embodimem of the anays of the present invention comprises an 
adaptor that links the affinity ,ag ^ irmnobili^d protein. The additi»,al 
spacmg of the protein from the smface of die substrate (or coating) that is 
afforded by dre use of an adaptor is particdarly advantageous since proteins are 
known to be prone to surface inactivation. The adaptor may opdonally afford 
some additional advantages as well. For instance, dte adaptor may help facilitate 
fl.e attachment of flre protein to flre affimty tag. In anoflrer embodiment ttre 



are 

increase 
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adaptor may help faoitott fl,e u« of a panicdar detection technique 
army. One of ordinary sldll in fte ar, wiU be able to ch„„.e an adaptor which is 
appropria« for a given affinity tag. For instance, if dre affinity tag is streptavidin 
then the adaptor could be a bioth, molecule that is chemicaUy conjugated to the ' 
protem which is to be hnmobilized. 

In a prefened embodiment, the adaptor is a protein, h a prefe„ed 
embodiment, the affinity tag, adaptor, and protein to be hnmobilized togefter 
compose a fusion protoin. Such a fusion protem may he teadily expressed using 
standard recombmantDNA technology. Adaptors which are proteins are 
especially useful to mcrease the solubility of the protein of mterest and to 
the dtstance between the surface of the substrate or coating and the protein of 
mterest. Use of an adaptor which is a protem can also be ve^. usefbl in 
fachtatmg the preparadve steps of protein purification by affinity bindmg prior to 
nnmobilizadon on the array. Examples of possible adaptor, which are prctems 
mdude gtothrone-S-Uansferase (GST), maltose-bindmg protein, ehitin-binding 
protem, thdoredoxm. green-fluorescen, protoin (GFP). GFP can also be used for 
quantification of surface bmding. If theprotem mmtobilized on the patches of the 
array ,s an antibody or antibody fragment comprising an Fc regton, then the 
adaptor may optionally be protein G, protein A. or recombinant protein A/0 (a 
gene taion product secretod from a non-pathogentc fonn of Bacillus which 
contains four Fc bmding d„mams from protem A and two from protem O) 

^■8»re7showsac„,sssecti„nofapatchononepa,ticularembodimentof 
fte mvention array m patch comprises a protein 10 immobilized on a 

monolayer 7 via both an affinity tag 8 and an adaptor molecule 9. The monolayer 
7 rests on a coating 5. An mterlayer 6 .s used between the coating 5 and the 
substrate 3. 



(0 Preparation of the proteins of the 
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The i^otiii^, „„ 4, ^ ^ ^ 

vancly of meaDs known to fl,os= of ordmaiy skill in the art 

'"^""fo'^obifation.o.hearraysofftepre.en.invention fl,e 
pro.e.can„pt,onalIybeexpressedfron.recon,binantDNAeithe..„v.voor ' 

»v...ThecDNAof«.ep,o.ein.„hei™,obUi.don«,ea™yi.e.„„eain.o 
an e„ ^^^.^^ ^^^^^ ^ 

— ..oee.„f.heapptop„,.eo,ani.fo.e,^^^^^^^ 

^<.sande^te.io„.ys.e™s™ayhen«a.„p,oauoe.hep.,ein.t„be 
^obU^ee on the a„a. P„t i„ expte3s,„n of the ptoteins, oDNAs can be 
cloned ™,o „ia. exptes.„„ vecto. (Qiage., Novagen, Contech f„ 
example) and inttoduoed into an appropriate o„ani™ f„. expression. Expression 

wv„ n.ay be done in bacteria (for example, J 
example. N,co.ana ..acu.), lower enkaryotes (for exanrpie. SaccHaro^,^ 

example, bacculoWinfected insect ce«s, insect cells, „annnalian cells) For 
« v„™ expression PCR-an^h«,, j,,^ ,,,„,„„^ ^ > 

« w,™ ascription/translation systems (for instance: 
.>.ates T7 RNA polymerase expressing, preferably protease-deficient 
^, wheat ge™ lysates; reticulocyte lysates (Promega, Pharmacia. Panve,.)) 
The cho.ce of ™,a„i.„ extent of p„ 

^ans^bona, modf-cations (,.e.. glycosylation. bpid-modificat.ons) desn d One 

of ordmaryskillintheartwillbeabletoreadily Choose whtchboscellt^er 
most sntuble for the protein to be immobili^d and application destred 

DNA scnences encoding amino acid affinity tags and adaptor protein 
« a., engineered into the expression vectors snch that d,e gen s of 
mteres. can be cloned in frame either 5' or 3' of d,e DNA ^ 
affinity tag and adaptor. *= •'NA s«,nence encodmg d,e 

The expressed proteins are purified by affinity chromatography u.ing 
commercially available resins. K-Pnyusmg 
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Preferably, production of families of related proteins involves parallel 
processmg from cloning ,„ protein expression and protein pnrifioadon. cDNAs for 
die protein of interest ™ll be amplified by PCR using oDNA libraries or EST 
(expressed sequence tag) clones as templates. Arty of fl,e /„ v/,r<, or /„ v,v» 
expression systems descdbed above can then be used for expression of the 
protems to be immobihzed on die anay 

Escherichia coh-M protein expression is generally the method of choice 
or soluble proteins that do not require extensive post-translatronal modifications 
for activity. Extracellular or intracellular domains of membrane protems wUl be 
iiised to protem adaptors for expression and pmification. 

The entire approach can be perfotmed using 96.weU assay plates PCR 
reactions are carted out m,der standard conditions OUgonucleotide primers 
contam unique restriction sites for facile cloning into the expression vectors 
Alternatively, the TA clomng system (Clontech) can be used. Expression vectors 
contam the sequences for affinity tags and Ute protein adaptors. PCR products are 
hgated mto the expression vectors {m,der mducible promoters) and intioduced 

mto the appropriate competenta^a CO// stiah, by calcium-dependent 
tiansfonnation (stiains mclude: XL-l blue. BL21, SG,3009(lon.)). Tnmsfonned 
Esche^chia coU cells are plated and individual colonies tiansferred into 96.ar.y 
blocks. Cultitres are grown ti, mid-log phase, mduced for expression, and cells 
collected by centiifugation. Cells are resuspended containmg lysozyme and ti,e 
membranes broken by rapid freeze/d,aw cycles, or by sonication Cell debris is 
removed by centiiflrgation and dte supematants transferred ,o 96-mbe atxays The 
appropriate affinity matrix is added, protem of interest hound and nonspecificaHy 
bomtd protems removed by repeated washing steps using ,2 - 96 pin suction 
devces and centriftgation. Alternatively, magnetic affinity beads and filtration 
aevtces can be used (Qiagen). The protems are eluted and transfetred to a new 
96-well array. Protem concentrations are detetmined and an aliquot of each 
protem ts spotted onto a nitrocellulose filter and verified by Western analysis 
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using a„ffl,„dy directed ^ ^ 

— .,SDS-PAGEa„d.^..i^,_^„„^^^J- 
snap-frozen and stored at -80°C. 

SaccHaron^yce. cerev^siae aHows for core glycosyiata and lipid 

of proteins. TTe approach descHbed above for ^ 
b=U3edw.,3,igK.n.„dif.ca«o.for^f„™a.„na„dce,nysis.Tr^^^ 
^..cc^™^. . by .i Wacetate and oeU iysi. is eiU.er by 

yfoase d,ges«on of «,e ceH waUs followed by freeze-fl,aw, sonioadon or L- 

e«rac.oo. Varia«„ns of pos..,ra„sla«ona. .odificaHons can be obtaled by 
dfferentyeas. strains (i.e. &c.W,c«^„*, P>c>,>„,^ 

The advantage of the bacc„I„vir„. systen, or ntannnalian cells „e flte 
wealth Of post-ttanslational „od,f.cations «,a, can he obtained. The bacc„,„. 
^st™ re,„.es Coning of vimses, obtahung high titer stocks and infection of 
l.qmd msec, cell suspensions (cells are SF9, SF21). Mannnahan cell-based 
exptession requires transfection and cl„™„g of eel, In.es. Soluble proteins are 

col.ected.o.d,en,ed.un,wbi,eintracellularorn.e„.branebojpro.r 
™ 1, (,,er detergent s„lub,l..hon. .ee^e-thaw). ProtL can then 
be punficd analogous to the procedure described for EscHericU, co,< 

For in ^,ro translation the systen. of choice is Esc^r,c,ia co,i ,y.a.es 

«„™pr„.ease-de«cie„tandT7RKApoly„,eraseovere^re.^^^^^^^ 
-«c.,ly,atesprovideefficientpr„teinexpression(3o;oj,;t^ 

™eent.eprocessiscarHedo„tin...ena.rays. Genes Of interestl^ 
by PCR nsu,g ol,gonucleo«des fl.a. con.ai„ «,e ,ene-specific sequences 
con.anungaT7RKAp„,^,„,,„^^^^^_^ 

encod„g«,ea«ini^.g.A„ematively,anadap»,rpr„teh..,„^«.l:;^ 
^eo.nterestbyPCR.^p,,,„,,,,^^ 2 
~.'"*'~'''-'' 'V-swithoutpr,or Cloning for fa^analysis 

d'::::::.^--'-"-----— procesr 
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Altaadve sy^s which may be used inolude wheat ge™ extacs and 
rehculooyte extract. v«™ „f ^^^^^^^ ^ 

^a^lationally modified proteins win require retieulocyte lysates in combination 

With nucrosomes. 

to one prefetted embodiment of «,e invention, the proteins immobihzed on 
fl-e patches of the anay are antibodies. OptionaHy. the immobUi^d proteins may 
be monoclonal antibodies. The production of monoclonal .mtibodies against 
specie protein targets is routine using standard hybridoma technology h fact 
nmnerous monoclonal antibodies are available commercially 

As an ataadve to obtaming antibodies or antibody fiagments which have 
been produced by ceU fusion or from continuous cell lines, the anUbody moieties 
maybe e„ in bactetiophage. Such antibody phage display technologies are 
well known to d,„se skilled in flte art The bacteriophage expression systems 
allow forthe random recombination of heavy- and l,ght-chain se<prences, thereby 
creatmg a bbrary of antibody sequences which can be selected agamst the desired 
anttgen expression system can be based on bacteriophage X or more 
P..ferably. on filamentous phage. The hactenophage expresston system can be 
used to express Fab fiagments. FVs wia, an engineered intennolecdar dtsulfide 
bond to stabilize the V^V, pair (dsFv's), scFvs. or diabody fragments 

The annbody genes of the phage display libraries may be from pre- 
mmtunized donors. For instance, the phage dtsplay library could be a drsplay 
l.b^ prepared from the spleens of mice previously immmUzed wrth a mixture of 
«ch as a lysate of human T.ells). hmnunization can optionally be used 
0 bras the bbraty to contam a greater number of recombinant antibodies reacfive 
^wards a specific set of proteins (such as protems found m human T-cells) 
«vely, the Ubrary antibodies may be denved from naive or synthetic' 
bbranes. The naive libraries have been constructed from spleens of mice whtch 

bavenotbeencontactedbyextemalant.ge„.h.asyn«,eficlibra.y,po..onsle 
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antibody CT>ically ftce regions co.t«p™,dtag to fte con,plemen,ari,y 

detennining regions (CDR) loops, have been mntagenized or randomized 

The phage display method involves bateh^l„,u„g 
mto a phage genome a. a teion to the gene encoding one of the phage coat 
proteins (pffl,pV,.orpV,n). TTe pO phage protein gene is prefe^d. Whenthe 
fuston product is expressed it is incorporated into the mature phage coat As a 
result, the antibody is displayed as a ftsion on the surface of the phage and is 
avadabie for binding and hence, selection, on a targe, protem. Once a phage 
part, cle is selected as bearing an antibody^oat protein firsion wth the desired 
affintty «,wards the target protein, the genetic material wtthin the phage particle 
wh.ch co^esponds to the displayed antibody can be amplified and sequenced or 
Otherwise analyzed. 

In a preferred embodiment, a phagemid is used as the expression vector in 
fte phage display procedures. A phagemid is a smaU plasmid vector that canies 
gene ni ™,h appropdate cloning sites and a phage packaging signal and contains 
both host and phage origins of replication, phagemid is unable to produce a 
complete phage as the gene DI (nston is dte only phage gene encoded on fl,e 
phagemid. A viable phage can be produced by infecting cells containing the 
phagemid with a helper phage containing a defective replication origm. A hybrid 
phage eme^es which contains aU of the helper phage proteins as well as flte gene 
ni-rAb fusion. The emergent phage contains the phagemid DNA only 

h a prefen^d embodiment of flte invention. fl,e recombinant antibodies 
used m phage display methods of preparing antibody ftagments for the atrays of 
«.e mvention are expressed as genetic fi,si„„s to the ba«eriophage gene 1.1 protein 
on a phagemid vector For instance. ti,e antibody liable regions encoding a 
smgle-chain Fv fragment can be fused to the amino tenninus of flte gene III 
protein on a phagemrd Alternatively, flte antibody fragment sequence could be 
ftsed to ti,e amino tenninus of a ti^cated pffl sequence lacking the first ^vo N- 
termmal domams. The phagemid DNA encoding the antibody-pin fusion is 
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P^fexably packaged into phage panicles using a helper phage such as M13K07 or 
VCS-MI3, which supplies all structural phage proteins. 

To display Fab fiagutents on phage, either the light or heavy (Fd) chain is 
fused via its C-tenninus to pIU. The parhrer chain is expressed without any «„„ 
to pm so that both chains can associate to form an intact Fab fragment 

^'"»=*'^°f-'-«»"-ayl'eusedwhichseparatesthosephageparticles 
whtch do bind the tatget protein from fltose which do not. Tie selection method 

must also allow for the re^very of dte selected phages. Most typically, the phage 
pamcles are selected on an immobihzed target protein. Some phage selection 
sttategies known to those skilled in the ar, include the following: panmng on an 
unmobthzed antigen; pamung on an immobUized antigen usmg specific elution- 
usmg biotinylated antigen and then selecting on a streptavidin resin or 
strepuvidin-coated magnetic beads; affinity purification; selection on Westen, 
blots (especially useful for unknown antigens or antigens diflicdt to purify) 
m v,v„ selection; and pathfinder selection. If the selected phage particles a,^ 
ampUfied between selection rounds, multiple iterative rounds of selection may 
optionally be perfonned. 

Elution techniques will vary depending upon the selection process chosen 
but typical elution techniques include wasUng one of tire following 
solutions: HCl or glycine buffers; basic solutions such as tiietitylamine- 
chaotiopic agents; solutions of increased ronic sticngfh; or DTT when blortn is 
linked to the antigen by a disulfide bridge. Odrer ^ical mefltods of elution 
mclude enzymatically cleaving a protease site engineered between the antibody 
and gene ID, or by competing for binding witi, excess antigen or excess antibodies 
to the antigen. 

A method for producing an array of antibody fragments titerefore 
comprises first selecting recombmant bacteriophage whrch express antibody 
fragments from a phage display library. The recombinant bacteriophage are 
selectedbyaffini^Wingtotiredesiredantigen. (Iterative rounds of selection 
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^ possible. b„. optional.) N„, a, leas, one purified »a«ple of a. antibody 
fi^gmen. 6™ a bacteriophage which .elected in d,e firs, step is p„duced 
Tl.sannbodyprod„cti„ns,cp„picaUy«„ailsinfec.i„g^. coftoeils withthe ' 

2---,ac.ri„pha,e.In,heabsenceofhe.perphage,these,e«edbac,eriophase 
to rephcate as ex^ssive plasnnds wifl,ou, p^ducing phage ptogeny 
Alternadvely. flte antibody ftagmen, gene of d,e selected recombinant 
bacteriophage is .solated, an.phfied, and d,en expressed in a suitable exp^ssion 
sy«en, ,„e*er case. foUo™ga„^Mcatio„,«,ee„ antibody fi.g„^^^ 

^ a fl^d step Of the n.ed.od, the earUer steps of phage display selection and 
punfied annbody £ragn,ent production are repeated using affinrty binding to 
anngens ton. before until the desired plurality of purified samples of different 
^.bo<^ fragments with different binding parmers are produced In a final step of 
*e med,od, dte antibody ftagment of each different purified sample is 
umnobili«d onto organic thinfihn on a separate patch on the surface of a 
substrate to fo™ a plurality „f patches of andbody fragments on discrete, known 
regions of the substrate surface covered by organic tMnfihn 

^»'-'»-.'°i--ateanan.ibodya™ywi.hant,bodyfi.gmentsagainst ' 
^™angens,openreadingframes Of .eknownprotein targets identtfiedl 

a.bases are amplified by polymerase chah, reaction and transcribed and 
«ans.a.ed v,>o to produce proteins on which a recombinant baCenophage 
exp.ssmgsingle.chainantibodyfagments are selected Onceselected th! 
-.bo y fragment se,uence of dre selected baCenophage is amphfied (« 

™polymerasechainmethod)a„drecl„nedmtoades™^^^ 

^^«m. TTe expressed antibody fragments are purified and ti,en prmted onto 

organtc thmflhns on substiates to fonn the high density armys 

In a.e preparation of tite arrays of flte invention, phage display methods 

analog„„sto.h„seusedforantibodyfi.gmen.smaybeusedforol:p:!t 
*charetobehnmobili.edona„an,„,.,,_,„„,^.„„^^^J--_^ 
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of suitable .U. ,„ be in.o„ ^ ^ „ ^^^^ 

expre^ed as a ftsion a bac^riopHage coa. prcei.. Phage display ^tai,„es 

«s.g „„„.a..b„dy Hb^ies ^icaily „ake use of see of protein hos, 
scaffold sttuonire which support fte variable regions. For instance P-sheet 

pro,ems,a.helicalhandlepro,ei„s,and„fte,highlyco„s,rai„edpro;einsm.c^es 

iiave been used as host scaffolds. 

2^-^ the arrays of fl,e invention. Polysome, stable protein-riboson-e- 
mRNA complexes, can be ..ed to replace hve baCedophage as 4e display 
veh.cle for recombinant antibody fragments or other proteins (Hanes and 
Hue-*-. P^oc. ,a,, Aca, SO USA. 94:4,37-4942, ,99,). The polysomes are 

^2 *e ""-me. Selection of ti.e polysome libraty is based on bi„dn.g of the 

antib dyfi^gmentsorotherprotems which a. displayed onthe polysomes .„ti,e 
argetpro^mmRKAwhich encodes the d-spl^edprotetaorantibodyhavingthe 

desn^daffimty for the targetis then isolated. Larger hbnures may be La wif 
polysome display than with phage display. 

(g) Uses of the arrays. 

The present mvention also provides for methods of nsmg the invention 
anay^ The arrays of the present mvention are particularly suited for the use in 
dn.g development. Otheruses include medical diagnostics, proteomics and 

biosensors. 

^-"'"""ffte protein a^ys of the present invention may optionally 

mvolveplacmgthenv<H.imensionalprotema,rayinaflowohamberl 
approxm-ately l-.o microliters of fl„,d volume per 25 mm= ove.,1 surface a«a 
The cover over the array m the flowchamber is p^ferably transparent or ' 

ucent. h, one embodiment ti,e cover may comprise Pyrex or ..uart. g,,, 
Ino.herembodiments,theeovermaybepanofade.ectionsystemLmom:^s 
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interaction between biological moieties inmiobilized on the airay and an analyte 
The flowchambers should remain filled with appropriate aqueous solutions to 
preserve protein activity. Salt, temperature, and other conditions are preferably 
kept similar to those of nonnal physiological conditions. Analytes and potential 
drug compounds may be flushed into the flow chamber as desired and their 
interaction with tiie immobilized proteins determined. Sufficient time must be 
given to allow for binding between the immobihzed proteins and an analyte to 
occur. No speciaUzed microfluidic pumps, valves, or mixing techniques are 
required for fluid delivery to the array. 

Alternatively, fluid can be delivered ,„ each of the patche. of the array 
mdividually. For instance, in one embodiment, the regions of the substrate 
surface may be microfabricated in such a way as to allow integration of the atray 
wtU, a nnmber of fluid delivery channels oriented perpendicular to the atray 
surface, each one of the deBve,y chamtels tenninating a. fl,e site of an individual 
protein-coated patch. 

The sample which is delivered to the array is typically a fluid. 

In general, delivery of solutions containing proteins to be bomrd by the 
proteins of the array may optionally be preceded, followed, or accompanied by 
delivery of a blocking solution. A blocking solution contains protein or another 
morety which wrll adhere to sites of non-specific binding on the array For 
instance, solutions of bovine serrnn albumm or milk may be used as blocking 
solutions. 

A wide range of detection methods is applicable to the metiiods of the 
invention. As desired, detection may be either quantitative or qualitative Tie 
mvention array can be interfaced with optical detection methods such as 
absorption in the visible or infrared range, chemoluminescence, and fluorescence 
(mcludmg lifetime, polarization, fluorescence correlation spectroscopy (FCS) and 
fluorescence-resonance energy transfer (FRET)). Furthemrore, other modes of 
detection such as those based on optical waveguides (PCT Publication WO 
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96/26432 and U.S. Pa,e«No. 5,677,196), surfa^ plasmon resonaace. surface 
charge sensors, and s«fa« force sensors are compatible wifl, many embodiments 
of d,e mvention. Alteraatively, technologies such as those based on Brewster 

anglem.croscopy(Schaaf 3:1131-1,35 (1987)) and ellipsometry 

(US. Patent Nos. 5,M1.311 and5,116.I21;Kim.A/ac™„„fec„fe., 22-2682-2685 

(1984))canbensedinoonjunctio„withthearraysoflheinvention Quartz 
crystal microbalances and desorption processes (see for example, US Patent No 
5,719,060) provide still oflrer altermtive detection means suitable for at least some 
embodiments of dte invention an.y. An example of an optical biosensor system 
compatible both with some arrays of flte present invention and a variety of non- 
label detection principles includmg surface plasmon resonance, total internal 
reflection fluorescence (TIRP^, Brewster Angle microscopy, epical waveguide 
hghmtode spectroscopy (OWLS), surface charge measurements, and ellipsometry 
can be found in U.S. Patent No. 5,3 13,264. 

Although non-label detection methods are generaUy pt^fen-ed, some of the 
types of detection metirods commonly used for traditional immunoassays which 
. requne fl,e use of labels may be applied to use with a, least some of the atrays of 
fte present invention, especially those anays which are arrays of protein-capture 
agents. These techniques include noncompetitive immunoassays, competitive 
manunoassays, and dual label, ratiometiic immunoassays. These particular 
techmques are primarily suitable for use wifl, a,e atrays of proteins when flte 
number of different proteins wifl, different specificity is small (less than about 
100). h, d,e competitive meti,od. bindmg-site occupancy is detennined mdtrectiy. 
m tins method. fl,e proteins of d,e array are exposed to a labeled developing agem 
which is typically a labeled version of fl,e analyte or an analyte analog The ' 
developmg agent competes for U,e binding sites on flte protein wifl, fl,e analyte 
The ftactional occupancy of «,e proteins on differem patches can be detemnned 
hy fte binding of d,e developing agent to flte proteins of fl,e individual patches 1, 
fl.e noncompetitive mefltod. bindmg site occupancy is determined direcfly. In tins 
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method. ^ p«.i« of U.e „ay are exposed ,„ a labeled developing age„. capable 
of b«,dmg .0 e*er «,e bound analyte or d,e occ„p.ed binding sites on protein 
For n^tance. d,e developing agent may be a labeled antibody directed against 
occupied sites (U. a "sandwich assay"). Alternatively, a dual label, ratio^ctric 
approach „«y be taken where flte innnobilized protein is labeled with one label ' 
and the second, developing agent is labeled with a second label (Eldns « al 
C/*.«.,c.,c,.. .,4:9,-1,4, ,990). Many different labeling n,«h«,s'n,ay 
be used u, the aforementioned techniques, including radioisotopic, enzymatic 
chemilnminescen,. and fluot^cent methods. Fluorescent methods are prefetld 
Frgm. 8 shows a schematic diagram of one type of fluorescence detection 
™. Which may be used to monitor interaction of immobilized proteins of an array 
wtth an analyte h, dte illustrated detechon unit, the protein array 2, is 
posmoned on a base plate 20. Ught from . ,00W mercury arc lamp 25 is directed 
toughanexci.ati„nfi,ter24andontoa beam spUtter 23. n,e light .s then 
d^ected through a lens 22. such as a Micro Nikkor 55 mm , :2:8 lens, and onto 
the atxay 21. fluorescence emission from the an^y returns through the lens 22 
and,l,ebeamsplit.er23. After nextpassing through an emission fUter 26 fte 
emrssron ,s recerved by a cooled CCD camem 27, such as the Slowscan TE/CCD 
024SF^SB (Princeton h,sfr„ments), TT,e camera rs ope^bly comrected .„ a CPU 
28 which IS in tmn operably comrected to a VCR 29 and a monitor 30 

Figure 9 shows a schematic diagram of an altenrative detection method 
based on eUipsomeiry. Ellipsometiy aUows for infonnation about the sample ,o 
be determined from the observed change in the polarization state of a reflected 
I.gh. wave, hter^cdon of an analyte with a layer of immobilized proteins on a 
patchresnlts in a thickness change and alters the polarization status of a plane- 
polanzed light beam reflected off the surface. TMs process can be monitored 
s.<u from aqueous phase and. if desired, b, imaging mode, h a typical setup 
nronoch^matic light (e.g from a He-Ne laser. 30) is plane polarized (polarizer 
3.) and directed onto the surface of the sample and detected by a d«ect„r 35 A 
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compensator 32 changes d,e elliptically polarized reflected beam to plane- 
polanzed. Tie co^esponding angle is determined by an analyzer 33 and then 
translated into the elUpsometric parameters Psi and Delta which change upon 
bmdmg of analyte ™d. fl,e immobilized proteins. Additional infonnation can be 
fonnd m Azzam, et al., EWpsome,^ and Polarised Ugh,, North-HoUand 
Publishing Company: Amsterdam, 1977. 

In one embodiment, the mvention provides a method for screening a 
plurality of proteins for their abiUty to inte^ct wid, a component of a sample 
comprising the steps of delivering the sample to a protem array of the invention 
compnsmg the protems to be scteened and detecting for the interacd„„ „f 
component wifl, the immobilized protein of each patch. Opdonally, fl>e 
component may be a protein. 

'""-ffci-t^raotio-towardswhichthepresentrnventionmaybedirected 
mdude, but are not limited to, antib«ly/andgen, antibody/hapten 

enzyme/subssate. earner protein/substrate, lectin/carbohydrme, receptor/hormone 
receptor/effector, protein/DNA. protein/RNA, repressor/inducer, or the like He ' 
mterachon may involve binding and/or catalysis. The array of he i„vend„„ i, 
ev«, smtable for assaymg translocation by a membrane through a hpid bUayer In 
prefen-ed embodiments of use of the atray, the assayed interacd„„ „ , 
m,en.otio„. The assayed i„teracd„„ ^,^„„ ^ ^^^^ ^^.^^^ 

and a p,^|,y „f p„^,„ ^ ^^^^^ ^ ^^^^^^ 

compom,d may be tested for its abihty to act as an inhibitor ,„ a famUy „f 

immobilized receptors. 

Another aspect of the invention provides for a method for screening a 
P^ali^ of proteins for their ahili^ to bnrd a particular component of a sample 
method comprises delivering d,e sample to a protein a^y of the inve„ri„„ 
compnsmg the proteins to be screened and detecting, either directiy or indnectly 
for the presence or amount of fl,e particular component retained a. each patch I 
a preferred embodiment ti,e method turdter comprises tire intennediate step of 
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^astog fte a^y to re^ve any ™bo™d or „o„specificaUy bo™d comp„„«„s 
of sample from tte a,xay before tte detection «.p. In anotor embodiment 
the method fimher comprises the additional step of fcrther chat^cterizing the " 
particular componentretained on at least one patch. He particular component 
may optionally be a protein. 

The optional step of fimher characterizing the particular componem 
tetamed on a patch of the atray is typically designed ,o identify the nature of the 
component bomtd to the protein of a particular patch. In some cases, the entire 
Identity of the component may not be kn„™ and the puipose of the further 
characterization may be the initial identification of the mass, sequence, stinctine 
and/or aaivtty (if any) of the bomtd component. In other cases, the basic identity 
of tite component may be known, but some inf„m,ation about flte component may 
not be Imo™. For instance it may be kn„™ that the componem ,s a particular 
protem, b« the post-t™slati„nal modrfication. activation stitte. or some ofter 
feati^e of the protein may not be known, h one embodiment fl,e step „f fibber 
charactenzmg components which are proteins involves measmmg the activity of 
the proteins. Although in some cases it may be preferable to remove the 
componem from ti,e patch before the step of further chatacterizing the protein is 
cartted out in other cases the compoueM can be further characterized while still 
bound ,0 the patch. In still further embodrntents. the proteins of the patch wWch 
bmds a component can be used to isolate and/or purify fl,e conponent on a larger 
scale, such as by pmrfying a component which is a protein from cells The 
pmrfied sample of the componem can then be chan.cterized through ^itiona. 
means such as microsequencing, mass specliometiy, and the like 

h. anote embodiment of flte invention, a method of assaying for protein- 
protem bmding interactions is provided which comprises the foUowing steps- first 
dehvenng a sample comprising at leas, one protein to be assayed for binding to ' 
*e protein atray of the invention; and then detecting, eiti,er directiy, or indirectly 
for flte presence or amomtt of the protein from the sample which is retained at ' 
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each patch. In a preferred embodiment Ae method finther comprises an 
additional step prior to the detection step which comprises washmg the an-ay to 
remove abound or n^^pecificaliy bound components of the sample from flte 
amy. TypacaUy, the protein being assayed for bmding will be from d,e same 
organism as the proteins immobilized on the airay. 

Another embodiment of the invention provides a method of assaying in 
parallel for dte pre^ce of a p W,y of analy.es m a sample which can wifl, 
one or more of the immobilized proteins on the protein array. TMs metttod 
compnses delivering flte sample to flte invention array and detecting for the 
mteraction of the analyte wifl, the immobilized protein at each patch 

In still another embodiment of flte invention, a method of assaying in 
parallel for fl,e presence of a pteahty of analytes in a sample which can bind one 
or more of tite immobihzed proteins on the protein a^y comprises delivering the 
flmd sample to tire invention an.y and detecting, eiflrer direcUy or indirectiy for 
thepresenceoramonntofanalyteretainedateachpatch. Inapreferred 
embodiment tire method fimher comprises tite step of washmg the atray tot 
remove any abound or non-specifically bound component, of the sample from 
the array. 

The array may be used in a diagnostic mam,er when the plurality of 
analytes bemg assayed are indicative of a disease condition or tile presence of a 
pathogen m an orgamsm. h, such embodiments, ti,e sample which ,s deUvered to 
*e atray will titen typically be derived from a body fluid or a ceDular exfrac from 

the organism. 

Tire array may be used for drug screemng when a potential dmg cand,date 
■s screened directly for its ability to bind or otirerwise interact witir a pluraUty of 
protemsonthe invention array. Altetnatively, a plnrahty of potential drug 
candidates may be screened in parallel for fl,eir ability to bmd or otherwise 
mteraawifl, one or more immobilized protdns on the atray. The dntg seining 
Focess may optionally involve assaying f„rti,e interaction, such as binding „f.t 
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least one analyte or component of a sample with one or more tamobiliad 
proteins on an invention a^y, both in the presence and absence of fte potential 
drug candidate. TWs allows for the potential dn,g candidate to be tested for its 
ability to act as an inhibitor of the interaction or interactions originally being 

assayed. 



(h) Examples 

The following specific examples are intended to illustrate the i 
should not be construed as limiting the scope of the claims: 



mvention and 



Example 1. Fabrication of a two-dimensional am.y by photolithography 

In a preferred embodiment of the invention, two-dimensional am,ys are 
fabncated onto the substiate material via standard photolithography and/or dun 
film deposition. Altemative techniques include microcontac. printing. Usually a 
computer-aided design patten, is Werred to a photomask using standard 
techmques, which is then used ,o transfer d,e pattern onto a silicon wafer coated 
with photoresist. 

In a typical example, fte array ("chip") with lateral dimensions of 10 x 10 
nun comprises squared patches of a bioreactive layer (here: gold as die coating on 

asd,consubstrate)eachO., xOl mm in stze and separated by hydrophobic 
smface areas wifl, a 0.2 mm spacing. 4" diameter Si{100) wafers (Virginia 
Semiconductor) are used as bulk materials. Si(.OO) wafe. are first cleaned in a 
3:1 mixtiue of ftSO. cone: 30% H,0. (90T. 10 min), rinsed wid. deionized 
water (18 MQcm). fimdly passivated in 1% aqueous HF. and singed a. 150»C for 
30 mm to become hydrophobic. Tie wafer is dien spincoated wid, photoresist 
(Shipley 1813). prebaked for 25 minutes at 90T. exposed using a Karl Suss 
conti^t primer and developed according to standard protocols. Tie wafer is dren 
dned and postbaked at I lOT for 25 min. In d,e next step, die wafer is primed 
wid, a titanium layer of 20 mn flnckness. followed by a 200 m„ duck gold layer 
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Both layers were deposited using electron-beam evaporation (5 A/s). After ..sist 
smppmg and a short plasma treatment, the gold patches can be farther chemically 
modified to achieve the desired bioreactive and biocompatible properties (see 
Example 3, below). 

Example 2. Fabricadon of a two-dimensional array by deposition throngh a hole 

mask. 

In another preferred embodiment the array of gold patches is fabricated by 
thm film deposition through a hole mask which is in direct contact with the 
substrate, hi a typical example, Si(lOO) wafers are first cleaned in a 3 : 1 mixture 
of H.SO, cone: 30% H.O, (90°C, 10 min), rinsed with deionized water (18 
MQcmX finally passivated in 1% aqueous HF and singed at 150°C for 30 min to 
become hydrophobic. The wafer is then brought into contact with a hole mask 
exhrbitmg the positive pattern of the desired patch airay. In the next step the 
wafer is primed with a titarumn layer of 20 mn thickness, followed by a 200 mn 
thick gold layer. Both layers were deposited using electron-beam evaporation (5 
A/s). After removal of the mask, the gold patches can be further chemically 
modified to achieve the desired bioreactive and biocompatible properties (see 
Example 3, below). 

Example 3. Synthesis of an aminoreactive monolayer molecule (following the 
procedure outlmed in Wagner et al., Bioph^. j„ ,996, 70:2052-2066) 

Genera,. 'H- and nc-NMR specfa aie recorded on Bruker ins.™,ea,s 
(.00 ,0 400 MH4 Chemical shifts (6) are repo«ed in ppm relative .0 mtemal 
standard ((CH3)4Si, 6 = 0.00 CH- and 13C-NMR)). FAB-mass spe«ra are 
recorded on a VG-SABSEQ instrumem (Cs^ 20 keV). Transmission mftared 
spectra are obtained as dispei^ions in KBr on an FTIR Perkin-Ehner 1600 Series 
mstrmnen, TTiin-layer chromatography (TLC) is perfonned on precoated silica 
gel 60 F254 plates (MERCK. Dannstadt FRG), and detection was done using 
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Cl2/toluidme, PdCl2 and UV-detection under NHa-vapor. Medium pressure liquid 
chromatography (MPLC) is perfonned on a Labomatic MD-SO (LABOMATIC 
INSTR. AG, Allschwil, Switzerland) using a Buechi column (460x36 mm; 
BUECHI. Flawil, Switzerland), filled with silica gel 60 (particle size 15-40 ^m) 
from Merck. 

Synthesis of 11 J r.dithiobis(succinimidylundecarioate) (DSU). Sodium 
thiosulfate (55.3 g, 350 mmol) is added to a suspension of 1 1-bromo-undecanoic 
acid (92.8 g. 350 mmol) in 50 % aqueous 1,4-dioxane (1000 ml). The mixture is 
heated at reflux (90 °C) for 2 h until the reaction to the intermediate Bmite salt 
was complete (clear solution). The oxidation to the corresponding disulfide is 
earned out in situ by adding iodine in portions until the solution retained widi a 
yellow to brown colour. The surplus of iodine is retitrated with 15 % sodium 
pyrosulfite in water. After removal of 1,4-dioxane by rotaiy evaporation the 
creamy suspension is filtered to yield product ll.ll'-dithiobis(undecanoic acid). 
RecrystaUization from ethyl acetate/THF provides a white solid (73.4 g, 96.5 %): 
mp 94 °C; 'H NMR (400 MHz, CDCI3 / CD3OD 95 : 5): 5 2.69 (t, 2H, J = 7.3 
Hz), 2.29 (t, 2H, J = 7.5 Hz). 1.76-1.57 (m. 4H), and I..40.1.29 (m, 12H); FAB- 
MS (Cs+, 20 keV): m/z (relative intensity) 434 (100, M+). Anal. Calcd. for 
C22H42O4S2: C, 60.79; H, 9.74; S, 14.75. Found: C, 60.95; H, 9.82; S, 14.74. To 
a solution of 11,11 '.dithiobis(mdecanoic acid). (1.0 g, 2.3 mmol) in THF (50 ml) 
is added N-hydroxysuccinimide (0.575 g, 5 mmol) followed by DCC (1.03 g. 5 
nmiol) at 0 °C. After the reaction mixture is allowed to warm to 23 °C and is' 
stirred for 36 h at room temperature, the dicyclohexylurea (DCU) is filtered. 
Removal of the solvent mider reduced pressure and reciystallization from 
acetone/hexane provides ll,ll'-dithiobis(succinimidylundecanoate) as a white 
solid. Final purification is achieved by medimn pressure liquid chromatography 
(9 bar) using silica gel and a 2: 1 mixture of ethyl acetate and hexane. The organic 
phase is concentrated and dried in vacuum to afford 11,11'- 
dithiobis(succinimidylundecanoate) (1.12 g, 78 %): mp 95 X; 'H NMR (400 
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MHz, CDCI3): 5 2.83 (s, 4H). 2.68 (t, 2H, J = 7.3 Hz). 2.60 (t, 2H, J = 7.5 Hz), 
1.78-1.63 (m. 4H), and 1.43-1.29 (m, 12H); FAB-MS (Cs^ 20 keV): m/z (relative 
intensity) 514 (100), 628 (86, M-). Anal. Calcd. for C,oiUs^,OsSr. C, 57.30- H 
7.69; N, 4.45; S, 10.20. Found: C, 57.32; H. 7.60; N, 4.39; S, 10.25. 

Example 4. Formation of an aminoreactive monolayer on gold (follo;ving the 
procedure of Wagner et al., Biophys. J., 1996, 70:2052-2066). 

Monolayers based on UJ l'-dithiobis(succimmidylundecanoate) (DSU) 
can be deposited on Au(l 1 1) surfaces of microarrays described under Examples 1 

and2by mmiersing them intoa 1 mM solution of DSU in chloroform at room 
temperatiu-e for 1 hour. After rinsing ^^dth 1 0 volmnes of solvent, the N- 

hydroxysuccinimidyl-terminated monolayer is dried under a stream of nitrogen 
and immediately used for protein immobilization. 

Example 5. Expression and purification of human caspase fusion proteins. 

Caspases are cysteine proteases of the papain superfamily, with a different 
active site and catalytic mechanism than observed for papain, Wilson K P et al 
Nature, 1994 370:270-275. Caspases are important enzymes in the promotion of 
the cell death pathways and inflammation, Villa, et al., TIBS, 1997 22 288-392 
Identification of selective caspase inhibitors is essential to prevent cross-inhibition 
of other caspase-dependent pathways. Caspases 1, 2, 3, 4, 5, 6, 7, 8, 9 10 ViUa 
etal.. TIBS, 1^97, 22:288-392 and new caspase homologs identified by ti.e hum^ 
genome project are PCR amplified and cloned mto an E. coli expression vector 
contammg an N-teiminal histidine tag, Hochuli, et al., Biotechnology, 1988 
6:1321, a factor Xa cleavage site, a lysine tag and a tri-glycine hnker. Fusion 
protems are expressed, purified by nickel-nitrilotriacetic acid (NTA) agarose 
chromatography, the histidine tag removed by factor Xa cleavage, followed by gel 

fitaon. Caspases are snap-frozen and stored in 20 mM PIPES. pH 7 2 150 mM 
NaCl, 0. 1% CHAPS, 10 % sucrose at -80°C. 
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Example 6. Inmobilization of fcion proteins on a 2D.protein amy. 

Caspase-fcioi. proteiis can be immobiUzed to the anunoreaetive 
monolayer surface of flte bioreactive patches of the two-dimensional array (see 
Exanvte 1, 2, and 4 above). Caspase ftsion proteins can be diluted to 
concentrations of 1 pg/nj in 20 miw PIPES, pH 7.2, 150 mM NaCI, 0 1% 
CHAPS, 10% sucrose and applied onto the bioreactive patches using a computer- 
aided, capJIary-based dispensing system. After an immobilization period of 30 
mm. the 2D anay was rinsed and subjected to analysis. Ultrapure water with a 
resistance of 18 MQcm is generally useable for aU aqueous buffet, (purified by 
passage through a Bamstead Nanopure® system). 

Example 7. Assay of caspase activity on a two-dimensional amy. 

Caspase activity can be detemuned by a binding assay using three 
fluorescently labeled peptide aldehyde inhibitors that form a reversible 
thiohemiacetal moiety with the active site cysteine, Thontbeny, Mchods In 
En^mology. 1994,244:615-631. The peptides are adapted to caspase 1 3 4 7- 
Dns (damyl>SS. DEVD-CHO, caspase I: Dns-SS-VDVAD-CHO, casplse 6- 
Dos-SS-VQID-CHO, Talanian. J. Biol. Chen,., 1997, 272:9677-9682 TTte 
affinity for Ac.DEVD-CHO«, caspase 1 is detemuned to be in the low nanomolar 
range, Thombeny, /„E^„,„g,. ,994.244:615-631. The assay buffer 

20 nAI PIPES, pH 7.2, 150 nrM NaCI, 0.1 «/„ CHAPS, 10»/„s„c,„se Stennicke 
and Salvesen, J. Biol. Chen,.. 1997, 272:25719-25723. Fluorescently labeled ' ' 
peptides are mixed to a final concentration of 1 to 5 nM each, the potential dmg 
compound added and flushed onto the 2D array Peptides are allowed to bind for 
10-60 mm., unbound peptide removed by washing with buffer and the 
fluorescence intensity measured (excitation at 360 mn, emission a, 470 nm) 



wo 00/04382 

PCT/US99/15971 

56 

Example 8. Fomation and use of an array of immobilized Fab' antibody 
fragments to detect concentrations of soluble proteins prepared from cultured 

mammalian cells. 

Collections of IgG antibodies are purchased from commercial sources (e g. 
Pierce, Rockford, IL). The antibodies are first purified by affinity chromatography 
based on binding to immobilized protein A. The antibodies are diluted M i„ 
binding buffer( 0. 1 M Tris-HCl, 0. 15 M NaCl. pH 7.5). A 2 ml minicolumn 
containing a gel with immobilized protein A is prepared. (Hermanson, et. al. 
Immobilized Affinity Ligand Techniques, Academic Press, San Diego, 1992.) The 
colmmi is equilibrated with 10 ml of binding buffer. Less than 10 mg of 
immmioglobulin is applied to each 2 ml minicolmmi and the colmmi is washed 
with binding buffer until the absorbance at 280 mn is less than 0.02. The bomid 
immmioglobulins are eluted with 0. 1 M glycine, 0. 15 M NaCl, pH 2.8, and 
immediately neutraUzed with 1.0 M Tris-HCI, pH 8.0 to 50 mM final 
concentration and then dialyzed against 10 mM sodium phosphate, 0. 15 M NaCl, 
pH 7.2 and stored at 4°C. 

The pmified immmioglobulin are digested with immobilized pepsin Pepsin 
is an acidic endopeptidase and hydrolyzes proteins favorably adjacent to aromatic 
and dicarboxylic L-amino acid residues. Digestion of IgG with pepsin generates 
mtact F(ab')a fragments. Immobilized pepsin gel is washed with digestion buffer- 
20 mM sodium acetate, pH 4.5. A solution of purified IgG at 10 mg/ml is added to 
the mmiobilized pepsin gel and incubated at 37°C for 2 hours. The reaction is 
neutralized by the addition of 10 mM Tris-HCl, pH 7.5 and cenlrifiiged to peUet 
the gel. The supernatant Hquid is collected and applied to an immobilized protein 
A column, as described above, to separate the F(ab'), fragments from the Fc and 
undigested IgG. The pooled F(ab'). is dialyzed against 10 mM sodium phosphate 
0.15 M NaCl, pH 7.2 and stored at 4=C. The quantity of pooled, eluted F(ab'), ii 
measured by peak area absorbance at 280 nm. 
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The purified F(ab-). fragments at a concentratio,. of 10 mg/ml are reduced 
at 37 °C for 1 hour in a buffer of 10 mM sodium phosphate, 0. 15 M NaCl. 10 
mM 2-mercaptoethylamii,e, 5 mM EDTA, pH 6.0. The Fab' fiagraents are 
separated from unspU, F(ab% fragments and concentrated by application to a 
Sephadex G-25 colmnn (M, = 46,000 - 58.000), The pooled Fab' fragments are 
dialyzed against 10 mM sodium phosphate, 0, 15 M NaCl, pH 7.2. The reduced 
Fab' fragments are dUut«l to 100 ^g/ml and applied onto die bioreactive patches 
contammg exposed aminoreactive flmctional groups using a compnter-aided 
capdiary-based microdispensing system (for antibody immobilization procedures 
seeDammer«<,/..Sto^A,,. J., 70:2437-2441, 1996). Alter an munobilization ' 
penod of 30 minutes at 30«C. the array is tinsed extensively wid, 10 mM sodimn 
phosphate, 0.15 M NaCl, 5 mM EDTA, pH 7.0. 

Transformed human cells grown in culture are collected by low speed 
centrifugation, briefly washed with ice-cold phosphate-buifered solution (PBS) 
and then resuspcnded in ice-cold hypotonic buffer containing DNascmNase (10 
Mg/ml each, final concentration) and a mixture of protease inhibitors Cells are 
transferred ,„ a microccnlrifitge tube, allowed to swell for 5 minutes, and lysed by 
rapid freezmg in liquid nitrogen and dtawing in ice-cold water Cell debris and 
precpitates are removed by high-speed centrifitgation and the supernatant is 
cleared by passage through a 0.45 ^m filter. The cleared lysate is appUed to dte 
Fab- fragment array described above and allowed to incubate for 2 horn, at 30»C 
Alter binding the array is washed extenstvely wth 10 mM sodium phosphate 0 15 
M NaCl. 5 mM EDT^ pH 70. The location and amount of bound p^teins „e' 
detemiined by optical detection. 

Example 9. Fonnadon and use of an atay of immobilized antibody fragments to 
detect concentrations of sohrble proteins prepared from cultured mammalian cells 

A combinatorial hbrary of filamentous phage expressing scFv antibody 
ftagments is generated based on the technique of McCafferty and coworkers 
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MoCafferty, el al, Namre. 1990. 348:552-554; Wmte, and Mibcein Nature 
199,. 349:293-299. Briefly. mRNA i. p^fied from ™„„.e spleens and used .o 
consttne, a cDNA Ubraiy. PCR ftagmente encoding sequences of to variable 
heavy and ligh, chain innnunoglobulin genes of the mouse are amplified from fte 
prepared oDNA. The amplified PCR products are joined by a linker region of 
DNA encoding the 15 amino acid peptide (Gly,SerGly,CysGlySeK3ly,Ser) (SEQ 
ID NO: 1) and the resuhdng ftU-Iength PCR fragment is cloned into an expression 
plasmid (pCANTAB 5 E) in which the puriiicarion peptide tag (E Tag) has been 
replaced by a His. peptide (SEQ ID NO: 2). Electocompetent TGI E coll cells 
are transfonned with a.e expression plasmid by electroporad„„. The pCANTAB 
transformed cells are induced to produced functional filamentous phage 
expressing scFv Augments by superinfection with M13K07 helper phage Cells 
are grown on glucose-deficient medium containing flte antibiotics ampicillin (to 
select for cells wifl, the phagemid) and Icanamycin (to select for cells infected wifl, 
MI3K07). In the absence of glucose, the lac promoter present on the phagemid is 
no longer repressed, and synthesis of the scFv-gene 3 fhsion begins. 

Proteins from a cell lysate are adsorbed to the wells of a 96-well plate 
Transfonned hmnan ceUs grown in cutane are collected by low speed 
centifitgadon and the cells are briefly washed with ice-cold PBS. Tie washed 
cells are then resuspended in ice-cold hypotonic buffer containing DNase/RNase 
(10 ^g/ml each, final concentration) and a mixture of protease idnbitors, allowed 
.0 swen for 5 minute, and lysed by tapid freezing in liquid mtrogen and fltawing 
m tee-cold water. Cell debris and precipitates are removed by high-speed 
cenfrifi.gation and flte supernatant is cleared by passage through a 0:45 Mm filter 
The cleared lysate is diluted to 10 ^^ml in dilution buffer; 20 mM PIPES 0 ,5 M 
NaCI. 0. 1 % CHAPS, .0%. 5 mM EDTA. 5 mM 2-mercapt„e,hano.. 2 mM DTT 
PH 7.2 and appUed to the 96-pla.e wells. After immobUization for 1 hour at 30"C 
4e well is washed with the dilution buffer and then incubated with dilution buffer 
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contaiimig 10% nonfat dry milk to block unreacted sites. After the blocking step, 
the well is washed extensively with the dilution buffer. 

Phage expressing displayed antibodies are separated from E. coli cells by 
centrifugation and then precipitated from the supernatant by the addition of 15% 
w/v PEG 8000, 2.5 M NaCl followed by centrifugation. Tlie purified phage are 
resuspended in the dilution buffer containing 3% nonfat dry milk and applied to 
the well containing the immobilized proteins described above, and allowed to bind 
for 2 hours at 37°C, followed by extensive washing with the binding buffer. Phage 
are eluted from the weU with an elution buffer; 20 mM PIPES, 1 M NaCl, 0. 1 % 
CHAPS, 10%, 5 mM EDTA, 5 mM 2.mercaptoethanol, 2 mM DTT, pH 7.2. The 
well is then extensively washed with purge buffer; 20 mM PIPES, 2.5 M NaCl, 
0. 1 % CHAPS, 10%, 5 mM EDTA, 5 mM 2-mercaptoethanol, 2 mM DTT, pH 
7.2. The well is then extensively washed with dilution buffer; 20 mM PIPES 
0. 15 M NaCl, 0. 1 % CHAPS, 10%, 5 mM EDTA, 5 mM 2-mercaptoethanol, 2 
mM DTT, pH 7.2. The eluted phage solution is then re-appHed to a new well 
containing adsorbed antigen and the pamiing emichment is repeated 4 times. 
Finally, the phage are eluted from the well with 2M of NaCl in 20 mM PIPES, 0.1 
% CHAPS, 10%, 5 mM EDTA, 5 mM 2.mercaptoethanol, 2 mM DTT, pH 7.2. 
Eluates are collected and mixed with log-phase TGI ceUs, and grown at 2TC for 
1 hour and then plated onto SOB medimn containing ampiciUin and glucose and 
allowed to grow for 12 - 24 hours. 

Individual colonies are picked and arrayed into 96-weU 2ml blocks 
containing SOB medium and M13K07 helper phage and grown for 8 hours with 
shaking at 37°C. The phage are separated from cells by centrifiigation and 
precipitated with PEG/NaCl as described above. Concentrated phage are used to 
infect HB2151 E. coli. E coli TGI produces a suppressor tRNA which allows 
readthrough (suppression) of an amber stop codon located between the scFv and 
phage gene 3 sequences of the pCANTAB 5 E plasmid. Infected HB2151 ceUs are 
selected on medium containing ampicillin, glucose, and nalidixic acid. Cells are 
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grown to raid-log and then centrifuged and resuspended in medium lacking 
glucose and growth continued. Soluble scFv fragments will accumulate in the cell 
periplasm. A periplasmic extract is prepared from pelleted cells by mild osmotic 
shock. The soluble scFv released into the supernatant is purified by affinity 
binding to Ni-NTA activated agarose and eluted with 10 mM EDTA. 

The purified scFv antibody fragments are diluted to 100 Mg/ml and applied 
onto the bioreactive patches with exposed arainoreactive groups using a computer- 
aided, capiUaiy-based microdispensing system. After an imraobUization period of 
30 minutes at 30°C, the array is rinsed extensively with 10 mM sodium phosphate. 
0. 1 5 M NaCl, 5 mM EDTA, pH 7.0. 

Transformed human cells grown in culture are collected by low speed 
centrifugation, briefly washed with ice-cold PBS, and then resuspended in ice- 
cold hypotonic buffer containing DNase/RNase (10 ^ig/ml each, final 
concentration) and mixture of protease inhibitors. Cells are transferred to a 
microcentrifuge tube, allowed to sweU for 5 minutes, and lysed by rapid freezing 
in Hquid nitrogen and thawing in ice-cold water. Cell debris and precipitates are 
removed by high-speed centrifiigation and the supernatant is cleared by passage 
through a 0.45 Mm filter. The cleared lysate is appHed to the scFv fragment airay 
described above and aUowed to incubate for 2 hours at BOX. After binding, the 
array is washed extensively with 0. 1 M sodium phosphate, 0. 1 5 M NaCl, 5 mM 
EDTA pH 7.0. The location and amount of bound proteins are determined by 
optical detection. 
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Patterns of binding are established empirically by testing dilutions of a 
control cell extract. Extracts from experimental cells are diluted to a series of 
concentrations and then tested against the array. Patterns of protein expression 
the experimental cell lysates are compared to protein expression patterns in the 
control samples to identify proteins with unique expression profil 



m 



les. 



Example 10. Formation and use of an array of immobilized monoclonal 
antibodies to detect concentrations of soluble proteins prepared from cultured 
mammalian cells. 

Collections of monoclonal antibodies are purchased from commercial 
suppliers as either raw ascities fluid or purified by chromotography over protein 
A, protein G, or protein L. If from raw ascites fluid, the antibodies are purified 
using a HiTrap Protein G or HiTrap Protein A column (Pharmacia) as appropriate 
for the immunoglobulin subclass and species. Prior to chromotography the ascites 
are diluted with an equal volume of 10 mM sodium phosphate, 0.9 % NaCl, pH 
7.4 (PBS) and clarified by passage through a 0.22 ^m filter. The filtrate is loaded 
onto the column in PBS and the column is washed with two column volumes of 
PBS. The antibody is eluted Avith 100 mM Glycine-HCl, pH 2.7 (for protein G) or 
100 mM citric acid, pH 3.0 (for protein A). The eluate is collected into 1/10 
volmne 1 M Tris-HCl, pH 8.0. The fmal pH is 7.5. Fractions containing the 
antibodies are confirmed by SDS-PAGE and then pooled and dialyzed against 
PBS. 

The different samples of purified antibodies are each dUuted to 100 ^g/ml. 
Each different antibody sample is applied to a separate patch of an array of 
aminoreactive monolayer patches (see Example 4, above) using a computer-aided, 
capUlary-based microdispensing system. After an immobilization period of 30 
minutes at 30°C, the array is rinsed extensively with 10 mM sodium phosphate, 
0. 15 M NaCl, 5 mM EDTA, pH 7.0. 
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Transformed human cells grown in culture are collected by low speed 
centrilugation, briefly washed with ice-cold PBS, and resuspended in ice-cold 
hypotonic buffer containing Dnase/Rnase (10 ng/ml each, final concentration) and 
a mixture of protease inhibitors. Cells are transferred to a microcentrifuge tube, 
allowed to swell for 5 minutes, and lysed by rapid freezing in liquid nitrogen and 
thawmg in ice-cold water. Cell debris and precipitates are removed by high-speed 
centrifogation and the supernatant is cleared by passage through a 0.45 Mm filter. 
The cleared lysate is apphed to the monoclonal antibody array described above 
and allowed to incubate for 2 hours at 30°C. After binding the array is washed 
extensively as in Example 9, above. The location and amount of bound proteins 
are determined by optical detection. 

All documents cited in the above specification are herein incorporated by 
reference. In addition, the co-pending U.S. patent application "Arrays of Protein- 
Capture Agents and Methods of Use Thereof, filed on July 14, 1999, with the 
identifier 24406-0006, for the inventors Peter Wagner, StefFen Nock, Dana Ault- 
Riche, and Christian Itin, is herein incorporated by reference in its entirety. 
Various modifications and variations of the present invention will be apparent to 
those skilled in the art without departing from the scope and spirit of the 
invention. Although the invention has been described in comiection with specific 
preferred embodiments, it should be miderstood that the invention as claimed 
should not be unduly limited to such specific embodiments, hideed, various 
modifications of the described modes for carrying out the invention which are 
obvious to those skiUed in the art are intended to be within the scope of the 
following claims. 



wo 00/04382 



63 



PCT/US99/15971 



What is claimed is: 

1. An array of proteins, comprising: 

(a) a substrate; 

(b) at least one organic thinfilm on some or all of the substrate surface; 
and 

(c) a plurality of patches arranged in discrete, known regions on 
portions of the substrate surface covered by organic thinfilm, 
wherein each of said patches comprises a protein immobilized on 
the imderlying organic thinfilm. 

2. The array of Claim 1 which comprises at least about 10 of said patches. 

3. The array of Claim 2 which comprises at least about 100 of said patches. 

4. The array of Claim 3 which comprises at least about 10^ of said patches. 

5. The array of Claim 1 which comprises at least about 10 different 
immobilized proteins, 

6. The array of Claim 5 which comprises at least about 100 different 
inmiobilized proteins. 

7. The array of Claim 6 which comprises at least about 1000 different 
immobilized proteins. 

8. The array of Claim 1, wherein the area of the substrate surface covered by 
each of the patches is no more than about 0.25 mm^. 
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9. The array of Claim 8, wherein the area of the substrate surface covered by 
each of the patches is between about 1 jjm^ and about 10,000 \xm^. 

10. The array of Claim 1, wherein the patches are all contained within an area 
of about 1 cm^ or less on the surface of the substrate. 

11. The array of Claim 1, wherein all of the proteins immobilized on the array 
are functionally related. 

12. The array of Claim 1, wherein all of the proteins immobilized on the array 
are structurally related. 



13. The array of Claim 1 , wherein all of the proteins immobilized on the airaj 
are members of the same family. 

14. An array of Claim 13, wherein said family is selected from the group 
consisting of growth factor receptors, hormone receptors, neurotransmitter 
receptors, catecholamine receptors, amino acid derivative receptors, cytokine 
receptors, extracellular matrix receptors, antibodies, lectins, cytokines, serpins, 
proteases, kinases, phosphatases, ras-like GTPases, hydrolases, steroid hormone 
receptors, transcription factors, heat-shock transcription factors, DNA-binding 
proteins, zinc-fmger proteins, leucine-zipper proteins, homeodomain proteins, 
intracellular signal transduction modulators and effectors, apoptosis-related 
factors, DNA synthesis factors, DNA repair factors, DNA recombination factors, 
cell-surface antigens, hepatitis C virus (HCV) proteases and fflV proteases. 

15. The array of Claim 1, wherein the proteins are antibodies or antibody 
fragments. 
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16. The array of Claim 1, wherein the proteins are protein-capture agents. 

17. The array of Claim 1, wherein the organic thinfihn on the array is less than 
about 20 lun thick. 

18. The array of Claim 1, wherein the organic thinfihn on the array comprises a 
monolayer. 

1 9. The array of Claim 1 8, wherein the monolayer comprises a self-assembled 
monolayer comprising molecules of the formula 

(X)aR(Y), 

wherein R is a spacer, X is a functional group that binds R to the surface, Y 
is a functional group for binding the protein onto the monolayer, and a and b are, 
independently, integers. 

20. The array of Claim 19, wherein both a and b are 1. 

21 . The array of Claim 19, wherein: 

said substrate is selected from the group consisting of silicon, silicon 
dioxide, indium tin oxide, alxunina, glass, and titania; and 

X, prior to incorporation into said monolayer, is selected from the 
group consisting of a monohalosilane, dihalosilane, trihalosilane, 
trichlorosilane, trialkoxysilane, dialkoxysilane, monoalkoxysilane, 
carboxylic acids, and phosphates, 

22. The array of Claim 19, wherein the substrate comprises silicon and X is an 
olefin. 



The array of Claim 1, wherein the substrate comprises a polymer. 
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24. The array of Claim 19, further comprising at least one coating between said 
substrate and said monolayer, wherein said coating is formed on the substrate or 
applied to the substrate. 

25. The array of Claim 24, wherein: 

the coating comprises a noble metal film; and 

X, prior to incorporation into said monolayer, is a functional group selected 
from the group consisting of an asymmetrical or symmetrical disulfide, sulfide, 
diselenide, selenide, thiol, isonitrile, selenol, trivalent phosphorus compounds, 
isothiocyanate, isocyanate, xanthanate, thiocarbamate, phosphines, amines, thio 
acid and dithio acid. 

26. The array of Claim 24, wherein the coating comprises titania or tantalum 
oxide and X is a phosphate group. 

27. The array of Claim 1, wherein each protein is immobilized on the. organic 
thinfilm by an affinity tag. 

28. A biosensor comprising an array of proteins of Claim 1 . 

29. A micromachined device comprising an array of proteins of Claim 1. 

30. A diagnostic device comprising an array of proteins of Claim 1. 

31. A method for screening a plurality of proteins for their ability to interact 
with a component of a sample, comprising: 

(a) delivering the sample to the array of Claim 1 comprising the 
proteins to be screened; and 
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(b) detecting, either directly or indirectly, for the interaction of said 
component with the immobilized protein of each patch. 

32. The method of Claim 3 1, wherein the component is a protein. 

33. A method for screening a plurality of proteins for their ability to bind a 
particular component of a sample, comprising: 

(a) delivering said sample to the array of Claim 1 comprising the 
proteins to be screened; and 

(b) detecting, either directly or indirectly, for the presence or amount of 
said particular component retained at each patch. 

34. The method of Claim 33, wherein said particular component is a protein. 

35. The method of Claim 33, further comprising the step: 

(d) further characterizing said particular component retained on at least 
one patch. 

36. A method of assaying for protein-protein binding interactions, comprising: 

(a) delivering a sample comprising at least one protein to be assayed for 
binding to the array of Claim 1; and 

(b) detecting, either directly or indirectly, for the presence or amount of 
the protein from the sample which is retamed at each patch. 

37. A method of assaying in parallel for a plurality of analytes in a sample, 
comprising: 

(a) delivering the sample to the array of Claim 1, wherein at least one of 
the immobilized proteins of said array can react with each of said analytes; and 
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(b) detecting for the interaction of the analytes with the immobilized 
protein at each patch. 

38. A method of assaying in parallel for a plurality of analytes in a sample, 
comprising: 

(a) delivering the fluid sample to the array of Claim 1, wherein at least 
one of the immobilized proteins of said array can bind each of said analytes; and 

(b) detecting, either directly or indirectly, for the presence or amount of 
analyte retained at each patch. 

39, The method of Claim 38, further comprising the step: 

(d) further characterizing the analyte retained on at least one patch. 
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